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A BST R A C T 
 
A phylogeny of the genus Aphis was built primarily from specimens collected in the 
Midwest of USA. A topology using UPGMA were constructed with 73 taxa and forty-one 
morphological characters with their character states of alate and apterae viviparous females. I 
identified four main groups: gossypii, asclepiadis, middletonii and fabae. Topologies of analyses 
performed using bootstrap Maximum Parsimony and MrBayes of cytochrome oxidase I (COI), 
nuclear elongation factor (EF1-) and primary endosymbiont Buchnera 16S (Buch 16S) were 
not congruent. MrBayes strongly supported most of terminal nodes of the phylogenetic trees. 
The phylogeny was strongly supported by detailed morphological characterization, EF1- and 
combined sequences of COI and EF1- with morphological characters. It was not supported by 
single analysis of COI or of Buch 16S. The topology constructed with morphological characters 
shows four main groups: gossypii, asclepiadis, middletonii and fabae. The same four groups are 
found in the phylogeny constructed from molecular data but the gossypii and fabae groups have 
differing set of species. My results showed that current genus Toxoptera should be a subgenus 
within Aphis. The current subgenus Bursaphis is a synonym of subgenus Aphis s. str. The 
phylogeny demonstrated the relationship of the North American species of the middletonii group 
to Xerobion. The current genus Xerobion Nevsky, 1928 is a senior synonym of Protaphis Borner 
1952. Current genus Iowana Hottes, 1954 is a junior synonym of Aphis and it should be 
transferred to the subgenus Aphis s. str.  
My results show that the members of the gossypii group are: the North American species 
(A. forbesi, A. monardae, A. oestlundi, A. rubifolii, A. rubicola, and three new species A. elena, 
A. lythrum and A. syriaca); the European species (A. nasturtii, A. urticata and A. sedi), and the 
Asian species (A. agrimoniae, A. clerodendri, A. glycines, A. gossypii, A. hypericiphaga, A. 
ichigicola, A. ichigo, A. sanguisorbicola, A. sumire and A. taraxicicola). The North American 
taxa most closely related to A. gossypii are A. monardae, A. oestlundi, A. elena, A. lythrum and 
A. syriaca. The native A. monardae is valid species and not a synonym of A. gossypii. A novel 
morphological character was found to discriminate these species, the distance from the base of 
antennal segment III to the first secondary sensoria (DBIII). Aphis monardae has a monoecious 
holocyclic life cycle (apterous males and ovipara) on Monarda fistulosa. The COI sequence 




gossypii and A. sedi are cryptic species. Sequence divergences of COI and EF1- between these 
species are less than 1% but the sodium channel para-type shows greater genetic distances range 
(0.84-1.84). In addition, several morphological characters will discriminate between these two 
species. 
I am retaining two species of the North American middletonii group, A. maidi-radicis and 
A. middletonii, as well as describing a new species, A. mediaty. Despite the low sequence 
divergences of COI among these species (less than 1%) I found morphological characters that are 
useful for species discrimination.  
The members of the asclepiadis group form a monophyletic clade strongly supported by 
COI, EF1-, Buch16S, and the combined data sets of molecular and morphological characters. 
Most of the members of this group are native species (A. asclepiadis, A. cornifoliae, A. decepta, 
A. impatientis, A. neogillettei, A. nigratibialis, A. saniculae, A. thaspii and A. viburniphila) and 
are related to the exotic species, A. salicariae. Molecular, morphological and biological work 
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PR E F A C E 
 
My Master’s research was a survey Aphis species in the Midwest. This was primarily a 
morphometrics analysis and re-description of some Aphis species. I was very fortunate to attend 
two International Symposia on aphids. The first in Fremantle, Australia in 2005, and the second 
in Catania, Sicily in 2009. I realized that I knew little about aphids but I got inspired to continue 
studying them. I decided to pursue my PhD career in the genus Aphis because the classification 
of the genus Aphis needed more than morphological work. Taxonomic studies of Aphis are often 
ambiguous due to the complexities of convergent morphologies and cryptic species. Species 
within this genus are difficult to differentiate using only morphology and most dichotomous keys 
rely on host plant association to identify species. My advisor, Dr. David Voegtlin and I believe 
that to improve the classification system and knowledge of biodiversity of aphids multiple tools 
are needed, such as, morphological, molecular, biological and ecological information.  
Chapter I reviews and updates the generic classification of Aphis species primarily 
found in the Midwest. To test the phylogeny I used data from three genes: COI, EF1- and Buch 
16S. 
Chapter II reviews the Aphis gossypii species complex in the Midwest. It also includes 
the description of three new species and resolves the taxonomic problems between A. gossypii 
with both A. monardae and A. sedi. I used molecular data from three genes: COI, EF1- and 
sodium channel para-type as well as biological observations.  
Chapter III reviews the Aphis middletonii species complex in the Midwest. It also 
includes the description of one new species and resolves the identity of two species that have 
been synonymyzed with A. middletonii. I used molecular data from two genes: COI and EF1- 
as well as biological observations.  
Chapter IV reviews the Aphis asclepiadis species complex in the Midwest. It resolves 
the taxonomic problems between A. asclepiadis and A. helianthi. I used molecular data from 
three genes: COI,  EF1- and Buch 16S as well as biological observations.  
To analyze the data from these chapters I used Parsimony and Bayesian methods. 
I hope the eventual publication of my findings inspires others to continue the research 




C H APT E R 1: PH Y L O G E N Y O F T H E G E NUS APH IS (H E M IPT E R A: APH IDID A E) 
A ND ID E N T I F I C A T I O N O F SPE C I ES G R O UPS F O UND IN T H E M ID W EST E RN 
UNI T E D ST A T ES 
 
A BST R A C T 
A phylogeny of the genus Aphis was built primarily from specimens collected in the 
Midwest of USA. Topologies of analyses performed using PAUP and MrBayes were not 
congruent. MrBayes strongly supported most of terminal nodes of the phylogenetic trees. The 
phylogeny was strongly supported by detailed morphological characterization, EF1-, and 
combined sequences of COI and EF1- with morphological characters. It was not supported by 
single analysis of COI and Buchnera 16S. The phylogeny shows four main groups: gossypii, 
asclepiadis, middletonii and fabae. My results showed that current genus Toxoptera should be a 
subgenus within Aphis. The subgenus Bursaphis is a synonym of subgenus Aphis s. str. The 
phylogeny demonstrated the relationship of the North American species of the middletonii group 
to Xerobion. The current genus Protaphis is a junior synonym of Xerobion. Current genus 
Iowana is a synonym of Aphis and it should be transferred to the subgenus Aphis s. str.  
 
IN T R O DU C T I O N 
The family Aphididae has been divided into several tribes, subtribes and genera, with 
numerous morphologically based revisions (Barbagallo & Stroyan 1982, Stroyan 1984, Heie 
1986, Remaudière & Remaudière 1997, Kadyrbekov 2001, Nieto & Favret 2011). The genus 
Aphis is one of the largest genera in Aphididae, with an estimated 600 described species 
(Remaudière & Remaudière 1997) of which approximately 100 occur in North America (Smith 
& Parron 1978). The evolution of Aphis is associated with the rapid radiation and diversification 
of herbaceous angiosperms (Heie 1996). This has provided aphids with ideal conditions for 
reproductive isolation and has resulted in the development of species complexes. The majority of 
Aphis species are host specific (Eastop 1986) and host plant association is one of the main 
characters used to identify members of this group as well as being a source of misidentifications. 
Based on morphological assessment and, in some cases, host plant association this genus 
is divided into seven subgenera: Aphis (sensu stricto); Anthemidaphis Tashev, 1967 (subgeneric 




2002; Toxopterina Börner, 1940 (subgeneric status by Barbagallo & Stroyan 1982), Zyxaphis 
Knowlton, 1947 (Remaudière & Remaudière 1997), and Pseudoprotaphis Kadyrbekov, 2001. 
Attempts have been made to validate various proposed classification schemes using molecular 
phylogenetic methods (Turcinaviciene et al. 2006, Coeur D’acier et al 2007, Kim & Lee 2008, 
Wang & Xiao 2009).  
In 2007, Coeur D’acier et al. published the first phylogenetic approach of European 
Aphis species. Results showed that the subgenus Aphis is not a monophyletic group and is 
represented by three major species groups: fabae or black aphids, craccivora or “black-backed 
aphids” and gossypii or frangulae-like species. In 2008, Kim and Lee reconstructed the 
phylogeny of the tribe Aphidini of which the genus Aphis is the most represented. Their results 
showed two main groups of Aphis, the gossypii and fabae groups. Both studies supported the 
monophyly of the genus Aphis. In the Midwest of North America there are many native and 
exotic species that are morphologically related to the gossypii, fabae, asclepiadis and middletonii 
groups. Their relationship will be examined in this study. 
Previous research (Cook 1984, Lagos 2007) suggested that there are species within this 
genus that do not fit well in the present subgenera. For instance, the North American species, A. 
caliginosa Hottes & Frison, A. debilicornis Gillette and Palmer, A. lugentis Williams and A. 
echinaceae Lagos and Voegtlin are within the subgenus Aphis, but have some shared 
morphological characters with the North American species A. middletonii Thomas that currently 
is classified within Aphis (Protaphis) (Blackman & Eastop 2006, Nieto & Favret 2011). Most of 
species of Protaphis feed on roots and are rarely found on aerial parts of Asteraceae, Fabaceae, 
Campanulaceae and Rutaceae. They are distributed in the southern part of the Holarctic region. 
Kadyrbekov (2001) described the morphological and behavioral differences of the species of 
Protaphis. He elevated it to genus, created Pseudoprotaphis, a new subgenus of Aphis, and 
transferred four species of Protaphis to Pseudoprotaphis. These four species feed on roots of 
Asteraceae and are distributed in the Palearctic region (Europe and Mongolia). The 
morphologically close subgenus Xerobion has also been elevated to genus level (Kadyrbekov 
2001) making the placement of the morphologically similar North American species uncertain. 
In this study I tested the hypothesis that Protaphis is a subgenus of Aphis since it matches the 




Furthermore, another genus, Iowana that matches the morphological diagnostic 
characters of Aphis, needs to be reviewed to define its taxonomic status. Worldwide there are 
only two described species within this genus: Iowana frisoni Hottes and Iowana zhangi, Li-kun 
(Li-Kun 2000). The first collection of I. frisoni was made in Iowa in 1925; it was next collected 
in Illinois in 2000, and most recently collected in Wisconsin in 2007 (INHS insect collection). 
This species was re-described by Favret et al. (2004) because the original description was done 
based on just two apterous viviparae in a single collection from Iowa. Its host plants are Silphium 
laciniatum L. and S. terebinthinaceum Jacquin (Asteraceae). Both species of Iowana show some 
morphological similarities to species described within Protaphis or Pseudoprotaphis. Thus, our 
hypothesis is that Iowana is a synonym of Aphis. 
The overall purpose of this research is to improve the systematics of this large and 
complicated genus using taxonomic characters, host plant association, distribution information, 
as well as sequence data for mitochondrial, nuclear and Buchnera 16S genes. 
 
M A T E RI A LS A ND M E T H O DS 
Aphid samples 
 Aphids were collected from their primary and/or secondary host plants from different sites 
within the USA, Italy, France, Kazakhstan, Spain, China and Japan with the majority of the 
material coming from the Midwest. When possible, aphids were collected alive and held on the 
host plant for the maturation of late instar nymphs. Adults were preserved in 95% ethanol and 
stored in a refrigerator freezer until used to make archival microscope slides or used for the 
extraction of DNA samples. Macrophotographs were taken in situ for many of the species that 
were collected. In addition, specimens were obtained from the Midwest suction trap network 
(North Central Integrated Pest Management 2009) that operated in 10 states beginning mid-May 
with weekly samples through the end of October. Collection data information with Illinois 
Natural History Survey (INHS) Insect Collection number voucher is presented in Table 1.1. 
 
Morphometrics 
 Archival microscope slides were prepared using the technique described in Lagos (2007). 
Photographs of the mounted specimens were taken using a Leica DM 2000 digital camera and 




measurements for this study. All measurements are in millimeters. Morphological characters 
examined were: length of ultimate rostrum segment (URS); number of accessory setae of URS; 
length of the processus terminalis (PT); length of base of last antennal segment (B); distance 
from the base of antennal segment III to the first secondary sensoria (DBIII); length of longest 
hair on antennal segment III (LHIII); number of secondary sensoria of the antennal segments III, 
IV, and V; length of siphunculus (SIPH); length of cauda (CA); number of setae on abdominal 
tergite VIII; number of setae on anterior margin of sub-genital plate; presence of additional 
marginal tubercles on abdominal segments II, III, IV; width of marginal tubercle on abdominal 
segment I (WTI) and on abdominal segment VII (WTVII); length of second segment of hind 
tarsus (HT2); dorsal abdominal sclerites; pre and post-siphuncular sclerites; color pattern of hind 
coxa, trochanter, hind tibia, siphunculus and cauda.  
A data matrix of 73 taxa (including outgroups) was assembled with 41 morphological 
characters with their respective character states of alate and apterous vivparae (listed in 
Appendix A) using Mesquite 2.71 (Maddison and Maddison 2009). UPGMA (Unweighted Pair 
Group Method with Arithmetic Mean) of this morphological data was performed using PAUP 
4.0b10 (Swofford 2001) with default set up. All the characters were treated as unordered and 
equally weighted.  
 
DN A extraction, amplification and sequencing 
 Two or three specimens per sample were sequenced. DNA was extracted from aphid 
specimens stored in 95% ethanol at 4ºC (Table 1.1). Individual specimens were crushed in a 1.5 
ml microcentrifuge tube and DNA was purified using the QIAamp DNAmicrokit (QIAGEN Inc., 
Valencia, CA).  The mitochondrial gene Cytochrome Oxidase I (COI) was amplified in two 
overlapping fragments, using the forward primer C1-J-1718 (Simon et al. 1994) and internal 
reverse primer C1-J-2411 (5’-ACTCCTGTTAATCCTCCAATTGTAAA-3’), and the internal 
forward primer C1-N-2509 (5’-TCAGCWACTATAATYATTGCWATYCC-3’) and reverse 
primer TL2-N-3014 (Simon et al. 1994). To amplify the nuclear gene Elongation Factor 1- 
(EF1-) the following primers were used: EF3F (5’-CTAYGTCACCATMATTGAYGC-3’) and 
EF2 (Palumbi 1996). The F and R primers were synthesized by Invitrogen™ Corporation 
(Carlsbad, CA). The following procedure was performed to amplify both genes: PCR products 




with 20 l of PCR-grade water, 1 l of F and R primers at 10 M and 3 l of genomic DNA. 
The PCR protocol used to amplify COI and EF1- was as follows: two minutes for an initial 
denaturation at 95 °C followed by 40 cycles of 95 °C for 30 s, annealing of 53 °C for 30 s, and 
extension at 72 °C for 120 s. PCR products were visualized in a 1% agarose gel, stained with 
GelGreen nucleic acid stain and run for 40 min at 90 v. The majority of PCR products were 
purified using QIAquick® (QIAGEN Inc.) kit. PCR products that included the co-amplification 
of non-specific bands were gel purified using Zymoclean ™ gel DNA recovery kit (Zymo 
Research, USA). The DNA concentration of PCR products was measured using a NanoDrop® 
ND-1000 spectrophotometer (Thermo Fisher Scientific, Wilmington, DE). PCR products were 
sequenced using 3 ul of a mixture of BigDye® Terminator v3.1, dGTPBigDye Terminator v3.0, 
and buffer in a ratio of 2:1:1 respectively, 1.6 l of 2 M F or R primers, differing amounts of 
DNA, and 1 l of dimethyl sulfoxide (DMSO) (SIGMA-ALDRICH®, St Louis, MO). 
Sequencing reactions were run using the following protocol: 96 °C 2 min (95 °C 20 s; 50 °C 5 s; 
60 °C 240 s) 25x. Sequencing reactions were cleaned using Performa® DTR Ultra 96-Well Plates 
(EdgeBioSystems, Gaithersburg, MD) and run on ABI 3730 at the Keck Center (University of 
Illinois at Urbana-Champaign). To sequence the gene Buchnera 16S rDNA (Buch16S; primary 
endosymbiont) the Buch16S1F and Buch16SR primers were used (Tsuchida et al. 2002). The 
PCR protocol was the same used to amplify and sequence COI and EF1- except with a different 
annealing temperature, which was 56 °C. Raw sequence data were analyzed using Sequencher 
4.7 (Gene Codes Corporation, Ann Arbor, MI). DNA sequences were aligned with Clustal X 
(version 2.0, 2007; Larkin et al. 2007), and examined by eye for additional corrections.  
 
Phylogenetic analyses 
Single sets of gene sequences were run using Maximum Parsimony (MP) PAUP 4.0b10 
(Swofford 2001) with the following set up of heuristic search: 1000 random additions and 10 
trees were held at each replicate. Tree bisection reconnection (TBR) was selected as an option of 
branch swapping algorithm. In addition all the characters were treated as unordered and equally 
weighted. The bootstrap analysis was conducted using 1000 replicates and a maxtree setting of 
100 trees. Modeltest 3.7 (Posada and Crandall 1998) was used to select the best-fit nucleotide 
substitution. MrBayes 3.1.2 (Huelsenbeck & Ronquist 2003) was used to execute the Bayesian 




data. For single and combined analyses four chains were run. The number of generations was 
5,000,000 and frequency sampling of 100 generations with rates equal to variable gamma as a 
model of substitution of nucleotides. 
 
R ESU L TS 
Topology constructed using morphological characters 
Forty-one morphological characters with their respective character states were selected 
and data extracted from the alate and apterous viviparous morphs of 73 taxa. The data was used 
to group species (Appendix A) using distance-UPGMA (Unweighted Pair Group Method with 
Arithmetic Mean). The topology in Figure 1.1 shows that R. maidis and H . tataricae are sister 
species and are more close related to Aphis species (cluster C) than is the other outgroup, 
Uroleucon helianthicola. Cluster B contains two groups: cluster D where most of Aphis species 
were grouped and cluster E, that includes the North American species A. asclepiadis, A. 
cornifoliae, A. decepta, A. impatientis, A. neogillettei, A. nigratibialis, A. saniculae, A. thaspii, 
and A. viburniphila, and the European species A. salicariae. This group will be called the 
asclepiadis group. In cluster D there are two groups, F and G. Cluster G whose members are 
mostly cosmopolitan and considered the black species or fabae group, A. lugentis, A. senecionis, 
A. jacobaeae, A. hederae, A. fabae, A. sambuci (collected on Rumex and Sambucus), A. 
(Bursaphis) varians and A. (Bursaphis) oenoetherae. Cluster F contains two groups, H and I. 
Cluster I whose members are the middletonii group: The North American species A. debilicornis, 
A. echinaceae, A. (Protaphis) knowltoni, A. (Protaphis) middletonii, and European species 
Protaphis terricola, Xerobion caspicae and X. cinae. Cluster H, indicates that Iowana frisoni is 
sister species of the group of species in cluster J. This cluster contains a highly polymorphic 
group of Aphis species including the outgroup Toxoptera citricida. However, cluster L is a group 
of special interest to my study. Cluster L contains the gossypii group or pale species: the 
European species A. brotericola, A. cisticola and A. sedi, the North American species A. 
coreopsidis, A. laciniariae and A. oestlundi, and the Asian species A. glycines and A. gossypii.  
 
Phylogeny constructed using mitochondrial gene, C O I 
A total of 218 sequences of COI representing 64 taxa were used in this study (Appendix 




the 1,290 bp, 807 bp were constant, 58 bp were parsimony-uninformative, and 426 bp were 
parsimony-informative characters (33%). The ratio of mutations of transitions to transversions 
was 4.81 and the proportion of invariable sites was 54.91%. The nucleotide composition was 
high for A (39.2%) and T (46.5%). The topology of Figure 3 is inferred by MrBayes. In general, 
Bootstrap Maximum Parsimony (BMP) values were lower in supporting clades than Bayesian 
posterior probabilities (PP).  
In Figure 1.2, the monophyly of the genus Aphis is not supported (clade A:PP:0.68). The 
outgroup, a member of the Rhopalosiphina subtribe, R. maidis, is within the genus clade of Aphis 
species. Bootstrap Maximum Parsimony (BMP) does not support this relationship and within 
Aphis the outgroups R. maidis and U . helianthicola are included (Appendix B). In Figure 1.2, 
Clade B is strongly supported by the two methods (PP/BMP:0.99/0.90). The clade of A. rubifolii, 
and A. rubicola appears to be a sister group of the remaining species of the gossypii group: the 
Asian species: A. glycines; the European species: A. ulmariae, A. cisticola, and A. ruborum; the 
North American species: A. forbesi and A. oestlundi; and the cosmopolitan species: A. gossypii, 
A. nasturtii, A. sedi and A. urticata. Clade C is also highly supported  (PP/BMP:0.99/77). It 
contains the cosmopolitan A. spiraecola that clades with an unidentified Aphis species (Aphis 
sp7) collected on Artemisia spp in China (see Table 1 for more collection details). In GenBank it 
matches the sequence of A. kurosawai, but the morphological analyses reveals that these species 
are not the same. Clade D is another well supported group (PP/BMP: 0.99/85) containing the 
North American native species A. laciniariae and A. vernoniae. Clade E was highly supported as 
well (PP/BMP:0.99/100). It supports the relationship of A. oenotherae and A. varians. Clade F 
was highly supported by MrBayes but not by Boostrap Maximum Parsimony (PP/BMP:0.99/70). 
This clade supported the relationship of most North American species in the asclepiadis group. 
They are A. viburniphila, A. asclepiadis, A. nigratibialis, A. neogillettei, A. saniculae, A. thaspii, 
A. decepta, A. cornifoliae, and A. impatientis. Clade G was poorly supported by MrBayes and 
not supported by bootstrap Maximum Parsimony (PP/BMP:0.68). This clade (the dark aphids or 
fabae group) contains the North American species A. hyperici, A. mizzou, A. pulchella, A. 
senecionis; the European species A. brotericola, A. caroliboerneri, A. craccae, A. galiiscabri, A. 
hederae, A. jacobaeae and A. villae; and the cosmopolitan species: A. craccivora, A. fabae, A. 
lugentis, and A. rumicis. Clade H was highly supported by the two methods (PP/BMP: 0.98/95). 




middletonii. Clade I was only supported by MrBayes (PP:0.90). The European species A. 
sambuci is a sister species of North American species, A. cephalanthi, and grouped with Aphis 
terricola, cinae and caspicae. The North American species A. coreopsidis, A. illinoisensis and A. 
(Zyxaphis) canae, and the cosmopolitan A. nerii and A. farinosa did not group with any other 
Aphis species. 
 
Phylogeny constructed using nuclear gene, E F1- 
A total of 168 sequences of EF1- that represents 76 taxa were used in this study 
(Appendix O). After the alignment (including gaps and introns except primer sites) 1,078 bp 
were analyzed. Among the 1,078 bp used in this study, 655 bp were constant, 121 bp were 
parsimony-uninformative, and 302 bp were parsimony-informative characters (28%).  The ratio 
of mutations of transitions to transversions was 1.28 and the proportion of invariable sites was 
40.27%. The nucleotide composition was high for A (29.9%) and T (35.8%). The topology built 
with EF1- sequences (Figure 1.3) and inferred by MrBayes is not congruent with the topology 
inferred by the mitochondrial gene COI. The topology obtained from PAUP with bootstrap 
values is presented in Appendix C.  
The monophyly of the genus Aphis is strongly supported by MrBayes and Bootstrap 
Maximum Parsimony (PP/BMP:0.97/86, although the closer relationship of Aphis to 
Rhopalosiphum maidis (Clade A,PP:0.97) than to Hyadaphis and Uroleucon is still supported. In 
Figure 1.3, A. coreopsidis is a sister species of the remaining Aphis species (Clade B, PP/BMP: 
0.97/86). Inside the clade C, a poorly supported clade (PP/BMP:0.65/56), there are three 
polyphyletic clades: A. (Zyxaphis) canae; clade P (PP/BMP:0.99/79) which contains the 
middletonii group: the North American species A. echinaceae, A. debilicornis and A. middletonii 
(clade Q) with A. coprosmae and Protaphis terricola and Xerobion cinae (clade R). In Clade D, 
poorly supported only by MrBayes (PP:50), the North American species A. caliginosa and 
Iowana frisoni are sister species of the remaining species included in clade E, which is poorly 
supported (PP:0.54). Clade E has three main groups: clade F (PP:0.98), clade N (PP:0.57) that 
poorly supported the relationship of T. citricida and A. farinosa; and clade O 
(PP/BMP:0.99/100).  Clade O is the monophyletic asclepiadis group and contains the same 
species grouped by COI (Figure 1.2). In clade F, A. cottieri and A. healyi are the sister species of 




Toxoptera aurantii and A. nerii that are independent, and clades M (PP/BMP: 1.0/100) and clade 
H (PP:0.96). Clade M contains the Asian species, A. horii, and the European species, A. sambuci. 
Clade H clusters two main groups I and J.  Clade I (PP/BMP:0.90/59) supports the relationship 
of species of  fabae group. This is congruent with the list of species claded by COI with the 
addition of the native North American species A. laciniariae and A. vernoniae. In Clade J the 
relationship between A. (Bursaphis) spp. (clade L, PP/BMP:0.82/95) with clade K is not 
supported (PP:0.62).  Clade K is strongly supported by MrBayes but not by Bootstrap Maximum 
Parsimony (PP/BMP:0.99/66). This clade contains the gossypii group and is congruent with the 
results obtained using COI sequences.  
 
Phylogeny constructed using primary endosymbiont, Buchnera 16S 
A total of 148 sequences that represents 44 taxa were used in this study (Appendix M). 
After alignment and excluding the primer sites, 379 bp were analyzed. Among these 379 bp, 318 
bp were constant, 19 bp were parsimony-uninformative and 42 bp were parsimony-informative 
characters (11.1%).  The ratio of mutations of transitions and transversions was 1.28 and the 
proportion of invariable sites was 40.27. The nucleotide composition was: A (32.3%), C 
(18.5%), G (24.8%) and T (24.4%). The topology (Figure 1.4) inferred by MrBayes is not 
congruent with the topology obtained by using COI and EF1- sequences, but the monophyly of 
the asclepiadis group is supported. 
The monophyly of the genus Aphis is not supported by either MrBayes or Bootstrap 
Maximum Parsimony (Appendix D). In Figure 1.4, clade A (PP:0.53) shows that H . tataricae 
and the middletonii group have evolve independently from the other aphid species including the 
outgroups R. maidis and U . helianthicola. Contrary to the topologies built using COI and EF1-, 
the gossypii group does not form a monophyletic clade, although the multiple samples of A. 
glycines placed in clade B (PP/BMP:1.0/94) are highly supported. Clade C (PP/BMP:0.77/55) 
clusters A. gossypii and A. sedi. Clade D is strongly supported by MrBayes (PP:0.83) and its 
members are A. nasturtii, A. urticata, A. rubicola and A. rubifolii. Clade E is not supported by 
MrBayes (PP:0.55) and contains the North American species A. illinoisensis and A. puchella, the 
cosmopolitan species Toxoptera citricida and A. farinosa, and clade F. Clade F is strongly 
supported (PP/BMP: 0.99/76) and contains all the species of the asclepiadis group found in the 




included in Clade I (PP:0.70).  Clade K is poorly supported by Mr Bayes (PP:0.67) and clusters 
two groups of species not expected to be related in any way: U . helianthicola and A. hyperici 
with X. caspicae and X. cinae. 
 
Phylogenetic results of combined molecular (C O I and E F1-) and morphological data set 
The phylogeny constructed with combined molecular and morphological data sets is 
highly supported (PP:0.99) the monophyly of the genus Aphis. At the base of this tree (Figure 
1.5) the monophyletic clade B is well supported (PP:0.82). The members of this clade are the 
North American species A. debilicornis, A. echinaceae and A. middletonii with sister species 
Protaphis terricola and Xerobion cinae. All the relationships within this clade are supported with 
maximum values (PP: 0.98-0.99). The North American species A. (Zyxaphis) canae is placed 
(PP:0.88) at the base of the other Aphis species. The clades that contain A. caliginosa, A. 
sambuci and the rest of Aphis species included in these analyses are not well resolved. In 
contrast, most of clades at lower levels are well supported. They are: clade J (PP:0.82), which 
clusters species closely related to A. gossypii (A. sedi, A. oestlundi, A. lythrum, A. syriaca, A. 
monardae and A. elena) and sister species A. glycines. This is not congruent with the phylogeny 
obtained using COI and EF1-, which strongly supported the relationship of A. nasturtii, A. 
urticata, A. rubifolii, A. rubicola and A. forbesi to the members of clade J. The asclepiadis 
group, Clade Q (PP:0.95), is congruent with the results from COI and EF1-.  Clade R (PP:0.91) 
contains the group of dark aphids (the North American species A. pulchella, A. hyperici and A. 
mizzou; the cosmopolitan A. craccivora, A. rumicis, A. fabae and European species, A. hederae) 
and clade S (PP:0.99) where the species that belong to the subgenus Bursaphis are clustered (A. 
oenotherae and A. varians). 
The clade of North American species in the middletonii group has morphological 
characters that overlap those of Aphis (Pseudoprotaphis), Protaphis and Xerobion. Species in 
this group match: the ratio of the length of processus terminalis (PT) to the base of last antennal 
segment (B) of Pseudoprotaphis, the ratio of length of siphunculi (SIPH) to the length of cauda 
(CA) of Pseudoprotaphis except A. debilicornis, and the number of setae on the cauda where 
most of the North American species overlap with Protaphis and Xerobion except A. echinaceae, 
that matches Pseudoprotaphis. The ranges in Table 1.2 are compared with the values given by 




abdominal dorsum is variable as is their feeding behavior, which is not strictly on roots. The 
presence of marginal tubercles is variable even within a colony with some of the specimens 
having marginal tubercles on most of the abdominal segments on both sides of the abdomen, 
some on one side, and some limited to few abdominal segments. For this group this character is 
not consistent. 
 
D ISC USSI O N 
The topology performed by MrBayes using COI (Figure 1.2) does not support the 
monophyly of Aphis because Rhopalosiphum maidis is included within the Aphis clade although 
the number of substitutions of R. maidis is greater than for most Aphis species. This is a species 
that is completely anholocyclic and feeds on many species of monocots.  Currently, Aphis and 
Rhopalosiphum belong to the tribe Aphidini and they mainly are divided in two subtribes 
(Aphidina and Rhopalosiphina) (Remaudière & Remaudière 1997). They are easily separated by 
the position of the marginal tubercles on abdominal segments I and VII in relation to a line 
formed by the spiracular openings (Stroyan 1984, Heie 1986, Kim & Lee 2008, Kim et al. 2010). 
The Macrosiphini Uroleucon and Hyadaphis are outside of the Aphidini and lack marginal 
tubercles on abdominal segments I and VII. The Bayesian analyses performed using nuclear 
EF1- and combined molecular data set of COI and EF1- with morphological characters 
provide more accurate information about the systematics position of outgroups related to Aphis. 
They support the monophyly of Aphis and Rhopalosiphum with Hyalopterus, as sister species 
and are congruent with the relationship found by Kim & Lee (2008).  
The single analyses of COI and EF1- and combined data sets with morphological 
characters are consistent in supporting the relationship of North American species: A. hyperici, 
A. mizzou and A. pulchella to the European fabae or dark aphids group (Lagos et al. 2012). 
These aphids except A. mizzou (life cycle still unknown) have a monoecious holocyclic life cycle 
and their host plants (Hypericum spp and Euphorbia spp) are distributed worldwide. The 
relationship of North American sister species A. laciniariae and A. vernoniae is consistent since 
these aphids feed on plants of the family Asteraceae, Liatris spp, Vernonia spp, and Helenium 
spp respectively, and are endemic to North America (USDA, NRCS 2008). These species are 
pale and do not have sclerites on the abdominal dorsum, and few secondary sensoria restricted to 




cauda (SIPH/CA): 1-1.4 and 1.6-2.2 for A. laciniariae and A. vernoniae respectively. Elongation 
factor1- (Figure 1.3) and combined data set (Figure 1.5) placed these sister species from North 
America close to A. kurosawai and Aphis sp both found in Asia on Artemisia spp (Family 
Asteraceae). Elongation factor1- (Figure 1.3) placed A. coreopsidis at the base of the tree. I 
expected this species to be closer to the gossypii group because of its morphological characters: 
black siphunculi and pale cauda, and secondary sensoria arranged in a single row on antennal 
segments III, IV and V. Although its ratios of Pt/ B is 3.7-5.7 and SIPH/CA is 1.5-3.2 are greater 
than most of the species within the gossypii group. Aphis coreopsidis feeds on Coreopsis, 
Eupatorium and Bidens that are members of the family Asteraceae. Interestingly, the combined 
data set claded this species with asclepiadis group. This relationship is not well supported but 
there is an explanation for this potential relationship since these are all native species. These taxa 
do not share morphological characters but the primary host plant of A. coreopsidis (heteroecious 
holocyclic life cycle, which includes the production of winged males) is the North American 
native species, Nyssa sylvatica, that belongs to the family Cornaceae (Hottes & Frison 1931). 
The same plant family of the primary host for many of the members of the asclepiadis complex, 
which are Cornus spp. Despite sharing some synapomorphies, such as dark siphunculi, pale 
cauda and secondary sensoria arranged in a row, with the gossypii group it appears that A. 
coreopsidis is not closely related to these species of European, Asian and North American origin. 
Two common native species in the Midwest A. illinoisensis and A. caliginosa did not 
clade with any other Aphis species. The diagnostic characters for A. illinoisensis are very 
peculiar such as dark antenna and secondary sensoria in single row restricted to antennal segment 
III, dark cauda and siphunculi in alate and apterous morphs, siphunculi curved outwards and hind 
tibia dark throughout with short pale area on distal half. It lives on Vitis spp. in the summer and 
overwinters on Viburnum. Aphis caliginosa is a monoecious holocyclic species that feeds on 
Cornus spp. and is not related to any Aphis in the monophyletic clade of the genus Aphis. Based 
on its morphological characters I expected it to be close to the middletonii group or close to the 
asclepiadis group since most of its members feed on Cornus. Their relationship with other Aphis 
spp might be resolved if other markers are used or more taxa are included.  
The North American species, A. cephalanthi, is placed close to Protaphis, Xerobion and 
A. sambuci. It is interesting that COI strongly supported this clade since A. cephalanthi feeds on 




characters (except the diagnostic characters for Aphis) with Protaphis, Xerobion and A. sambuci . 
I have not found this aphid in the field, but I identified specimens collected from suction traps in 
Michigan. The mitochondrial DNA of one sample from suction trap was successfully amplified 
and sequenced (Table 1.1). Interestingly, Hottes & Frison (1931) thought that this species was 
synonymous with A. impatientis. There are many morphological characters that are useful to 
differentiate between these species.  Aphis cephalanthi has marginal tubercles on most 
abdominal segments and A. impatientis has marginal tubercles only on the first and seventh 
abdominal segments (Lagos 2007). Also, molecular data place A. impatientis in the asclepiadis 
group.  
Aphis horii and A. sambuci, both of European origin but only A. sambuci is found in 
North America, are sister species inferred by EF1- sequences. The sequence for A. horii was 
retrieved from GenBank.  This relationship was strongly supported and biologically these species 
share the same host plants, Sambucus as primary host and Rumex spp. as secondary host. Their 
sequence divergence using Kimura 2 parameter ranges from 1.30-1.41%. Hottes & Frison (1931) 
found alate viviparae that matched the morphological characters of A. sambuci except that they 
had many secondary sensoria on antennal segments III, IV and V and they named the new 
morphotype as A. sambucifoliae. The genetic divergence of North America populations found on 
Sambucus and Rumex ranges 0.0-0.15%, but when compared with the European collections the 
divergence ranges 0.31-0.46%. Interestingly, all the specimens that match A. sambucifoliae 
collected in the Midwest were found all season long (June through October) in contrast for what 
was described by Jacob (1949). No specimens that match the morphological characters of the 
Aphis type, A. sambuci were found. This suggests that the European A. sambuci is cryptic species 
with the North American A. sambucifoliae, but further studies need to be done to test this 
hypothesis.  
Another species with records in the Midwest is A. lugentis. This aphid is sister species 
with the native A. senecionis and European, A. jacobaeae. All of them feed on Packera 
(=Senecio). They clade with the black or fabae group and this is consistent with what other 
authors have described (Coeur D’acier et al. 2007, Kim & Lee 2008, Kim et al. 2011).  
The genus Toxoptera has two well know species T. citricida and T. aurantii that feed on 
citrus and have cosmopolitan distribution (Blackman and Eastop 2006).  They are in the tribe 




mechanism as synapomorphy that easily separates them from other Aphis species. The analysis 
of EF1- shows that Toxoptera should be considered as subgenus of Aphis (Figure 1.3). The 
analysis of COI sequences is congruent with the findings of Wang and Qiao (2009) who used 
COI sequences to test the systematics of this group. They found that this is a paraphyletic group 
although their studies lack samples of other subgenera of Aphis. Their taxa were well represented 
sampling of Toxoptera (6 samples of T. aurantii, 3 of T. citricida, 5 of T. odinae and 2 of T. 
victoriae) and the outgroups were all species of subgenus Aphis s. str. (A. glycines, A. gossypii, 
A. fabae, A. craccivora, A. nerii), and Protaphis spp. The combined sequences of COI and EF1-
 (Kim & Lee 2008), the COI analyses of Wang and Qiao (2009), and, from this thesis research, 
the single analyses of EF1- data and combined molecular and morphological data set provide 
solid support to change the status of Toxoptera from genus to subgenus within Aphis.  
The subgenus Zyxaphis, clades basal to the majority of the Aphis included in my research.  
The results support the systematics position of this as a valid subgenus but due to the limited 
sampling I cannot make further statements of relationship of this group with other Aphis species.   
Two common Midwest species included in my research (oenotherae and varians) are 
placed in A. (Bursaphis).  Phylogenetic analyses performed by Turcinavicene et al. (2006), 
Coeur D’acier et al. (2007), Kim & Lee (2008) and Kim et al. (2011) using either sequences of 
COI and EF1- or combined data sets inferred either for Maximum Parsimony, Maximum 
likelihood and MrBayes agreed that the subgenus Bursaphis is closely related to both the fabae 
and gossypii group that currently belong to the subgenus Aphis s. str. In contrast my results show 
that using COI sequences the subgenus Bursaphis is a monophyletic group within Aphidina 
(Figure 1.2) and EF1- shows that it is a monophyletic group and has common ancestor with 
both groups (Figure 1.3). The combined molecular and morphological data set shows that the 
Bursaphis group is monophyletic within Aphis (Figure 1.5) as well. Turcinavicene et al. (2006) 
tested the monophyly of this group with an analysis that included most of the species described 
in this group (A. schneideri, A. grossulariae, A. popovi, A. epilobii, A. epilobiaria, A. oenotherae 
and A. fluvialis) and it was strongly supported. Unfortunately they used only species of the 
nominal subgenus Aphis to test the phylogeny of this group. In contrast I support my conclusions 
with a dataset that included more subgenera but only two common Midwest species A. 
(Bursaphis) oenotherae and A. (Bursaphis) varians. Despite its morphological differentiation 




monoecious holocyclic on Ribes spp or Epilobium spp) and some with heteroecious holocycly 
(host alternation between Ribes spp and members of the family Onagraceae) this subgenus 
should be suppressed.  
My study shows that Buchnera 16s is not useful to study the systematics of Aphis species 
even though the analysis did show a monophyletic asclepiadis group. Buchnera aphidicola was 
considered as a DNA marker because it is inherited by vertical maternal transmission (Wilkinson 
et al. 2003) and the phylogenetic reconstruction should be congruent with mitochondrial DNA 
data (Funk et al. 2000). This has been tested with other aphids species such as Hyalopterous 
pruni and Brachycaudus helichrysi with good resolution (Lozier et al. 2007, Jousselin et al. 
2009), but my results are similar to those found by Clark et al. (2000) who studied the 
cospeciation between Buchnera and Uroleucon. This may be explained by the evolutionary 
pattern of these aphids. For example, rapid radiation (von Dohlen & Moran 2000, Whitfield & 
Lockhart 2007), adaptation to multiple host plant families (Kim et al. 2011), potential genetic 
drift (Rannala & Michalakis 2003, Piffaretti et al. 2012) and the potential for transmission 
through parasitoids (Vavret et al. 1999, Clark et al. 2000). As an example, the generalist 
parasitoid Lysyphlebus testaceipes attacks around 100 aphid species from numerous host plants 
(Pike et al. 2000). Thus, many of the Aphis spp. included in this research share habitats and most 
likely this generalist parasitoid and possibly other more specific parasitoids. This provides great 
opportunity for the endosymbiont to move from one species to another by for horizontal 
transmission. 
Blackman & Eastop in their “Aphids on the Worlds Herbaceous Plants and Shrubs” 
(2006) cited A. (Protaphis) middletonii. Stroyan (1984) and Heie (1986) described some 
morphological characters to differentiate Protaphis as a subgenus of Aphis. Kadyrbekov (2001) 
added more characters and elevated Protaphis to genus level.  The retention of Protaphis as 
subgenus by Blackman and Eastop has created confusion.  The question is, should the 
middletonii group be moved to the genus Protaphis or be placed in another Aphis subgenus? 
My results show that the combined set of molecular and morphological data placed the 
middletonii group at the base of the trees. The topology obtained using Elongation factor 1- 
(Figure 1.3) shows that the middletonii group is monophyletic. Aphis debilicornis clades within 
this group and is widely distributed in the USA. It feeds on stems and leaves of Helianthus spp. 




phylogenetically it is close related to this group. Similarly A. echinaceae clades within the 
middletonii group. Before I described this species I thought it was a different morphotype of A. 
debilicornis because A. echinaceae feeds on stems, leaves and inflorescences of Echinacea 
angustifolia another member of the family Asteraceae (Lagos & Voegtlin 2009). Surprisingly, A. 
debilicornis is closer molecularly (COI) to A. middletonii (Table 1.3: 1.70-1.88%) than A. 
echinaceae (Table 1.3: 4.88-5.16%). Species in the middletonii group share some of the 
overlapping morphological characters that define A. (Pseudoprotaphis), Protaphis and Xerobion. 
Because of the placement of the middletonii group in the A. (Protaphis) and the recent elevation 
of Protaphis to generic status I obtained samples of Protaphis from Kazahkstan and France. My 
phylogenetic studies show that the Protaphis and Xerobion elevated to genus level by 
Kadyrbekov (2001) belong to a monophyletic group of species. My results are consistent with 
those found by Kim et al. (2011).  
The phylogeny shows that the middletonii group forms a monophyletic clade with 
Protaphis and Xerobion and their feeding behavior is either on roots (most of the Protaphis 
species and Xerobion species) or some of the species feed on roots and the aerial parts of the 
plants such as stem, leave and inflorescences (A. debilicornis, A. echinaceae and A. middletonii). 
Thus, I conclude that all the members of clade P in Figure 1.3 and clade B in Figure 1.5 must be 
placed within Xerobion Nevsky 1928, and suppress the genus Protaphis Borner 1952. Xerobion 
is the senior synonym of Protaphis. Further studies need to be done to determine the 
evolutionary relationship of Pseudoprotaphis with Xerobion.  
The genus Iowana has one native species and one species has been described in this 
genus from China. My analyses show similar results for morphological characters (Figure 1.1) 
and molecular markers (Figure 1.2, 1.3 and 1.5). The genus Iowana is placed within the 
monophyletic clade of the genus Aphis although is not closely related to any of main groups of 
Aphis found in this study. Iowana frisoni has the following diagnostic characters: five antennal 
segments, ratio PT/B (0.8-1.3), big marginal tubercles on most of the abdominal segments, ratio 
SIPH/CA (1.8-3.3), short triangular-shaped cauda and it feeds on Silphium spp (Asteraceae). 
Morphologically Iowana has the diagnostic characters of Aphis (Stroyan 1984, Heie 1986) and 
its species level diagnostic characters are shared with other Aphis species. For example, A. 
rubifolii and A. mizzou both have five segmented antennae; A. caliginosa has big marginal 




middletonii group. Many members of this group are Asteraceae feeders like Iowana, a 
monoecious feeder of an Asteraceae plant, Silphium spp. I have not been able to find any 
morphological characters for separating Iowana from Aphis. My conclusion is that Iowana 
Hottes 1954 should be considered a minor synonym of Aphis and it should be transferred to the 
subgenus Aphis s. str. 
 
C O N C L USI O NS 
A partial phylogeny of this extended genus using detailed morphological 
characterization, EF1- sequences, and combined sequences of COI and EF1- with 
morphological characters strongly supported four main groups: asclepiadis, gossypii, middletonii 
and fabae.  Discrimination of species of Aphis should include morphology and biology in as well 
as molecular sequence data. In addition the phylogenetic analyses shows that the genus 
Toxoptera should be classified as a subgenus and the species within subgenus Bursaphis should 
be placed within the nominal subgenus Aphis s. str. 
In the middletonii group the monophyly is strongly supported by morphological and 
molecular data.  The current genus Xerobion should be placed as a subgenus of Aphis and the 
North American species in the middletonii group should be placed into Xerobion along with the 
species of Protaphis. So generic status and subgeneric status has been clarified.   
Iowana Hottes 1954 is a minor synonym of Aphis and it should be transferred to the 















C H APT E R 2: M O L E C U L A R , M O RPH O L O G I C A L A ND BI O L O G I C A L E V A L U A T I O N 
O F T H E APH IS GOSSYPI I G L O V E R (H E M IPT E R A: APH IDID A E) SPE C I ES 
C O MPL E X IN T H E M ID W EST E RN UNI T E D ST A T ES, W I T H D ESC RIPT I O N O F 
N E W SPE C I ES 
 
A BST R A C T 
Mitochondrial COI, Elongation Factor 1-, a combined data set of these genes with 
morphological characters, and Sodium channel para-type genes were used to differentiate species 
related to A. gossypii. Analyses performed using PAUP and MrBayes strongly support the 
relationship of members of the A. gossypii group.  They are the North American species (A. 
forbesi, A. monardae, A. oestlundi, A. rubifolii, A. rubicola and three new species A. elena, A. 
lythrum and A. syriaca), the European species (A. nasturtii, A. urticata and A. sedi), and the 
Asian species (A. agrimoniae, A. clerodendri, A. glycines, A. gossypii, A. hypericiphaga, A. 
ichigicola, A. ichigo, A. sanguisorbicola, A. sumire and A. taraxicicola). The North American 
taxa most closely related to A. gossypii are A. monardae, A. oestlundi, A. elena, A. lythrum and 
A. syriaca. The native A. monardae is valid species and not a synonym of A. gossypii. A novel 
morphological character was found to differentiate these species, the distance from the base of 
antennal segment III to the first secondary sensoria (DBIII). The means of DBIII of A. gossypii 
(0.06) and A. monardae (0.09) are significantly different. Aphis monardae has a monoecious 
holocyclic life cycle (apterous males and oviparae) on Monarda fistulosa. The COI sequence 
divergence range between A. gossypii and A. monardae is 2.7-3.04%. The cosmopolitan A. 
gossypii and A. sedi are cryptic species. Sequence divergences of COI and EF1- between these 
species are less than 1% but Sodium channel para-type shows greater genetic distances range 
(0.84-1.84). In addition, morphological characters such as ratios of the length of processus 
terminalis to the base of last antennal segment (PT/B) for apterae and alatae are 2.9 and 2.1 for 
A. gossypii and A. sedi respectively. The ratio of the length of siphunculi to the length of cauda 
(SIPH/CA) for apterae and alatae of A. gossypii is 1.7, and for apterae of A. sedi is 1.2 and for 






IN T R O DU C T I O N 
Communication about living organisms is completely dependent on attaching information 
to a name. Journal articles ranging from the molecular to behavioral and ecological all cite a 
source or species name (Isaac et al. 2004, Balakrishnan 2005). Historically the majority of 
species has been named and described using morphological characters. As the science of 
taxonomy progressed, it became clear that species needed to be defined using additional 
characters (Rosen 1986, Bickford et al. 2006). There are many aspects from which species 
concepts have been developed (Mayden 1997, Howard & Berlocher 1998). Unfortunately some 
of them are not compatible or are hard to test and might lead to different conclusions regarding 
the boundaries and number of species (Ferguson 2002, de Queiroz, 2007, Petit and Excoffier 
2009) (e.g. the identification of species through DNA barcodes) (Hebert et al. 2003, Rubinoff 
2006, Foottit et al. 2008). Indeed, delimitation is a complex concept that should involve 
morphological characterization, measures of genetic structure, and available biological and 
ecological information. 
The evolution of the genus Aphis, a complex and speciose group of the family Aphididae, 
is associated with the rapid radiation and diversification of herbaceous angiosperms (Heie 1996). 
This has provided aphids with ideal conditions for reproductive isolation and has resulted in the 
development of species complexes within Aphis. Reproductive isolation can produce cryptic 
species (Müller 1981, Berlocher & Feder 2002, Carletto et al. 2009b). Cryptic species are 
difficult to separate morphologically (Bickford et al. 2006), are hard to distinguish through 
phylogenetic studies (Smith et al. 2008), are often reproductively compatible (to some degree) 
and may not have ecological uniqueness (de Queiroz 2007). Moreover, host plant association is 
one of the main characters used to identify members of species complexes. Within species 
complexes life cycle patterns can vary and in aphids these can be both simple and complex. 
The reproductive patterns within Aphis include seasonally induced asexual and sexual 
reproduction. There are three basic patterns found in the genus Aphis.  The first is the simplest 
cycle, anholocycly, in which the species has lost the capacity for sexual reproduction and has 
only winged (alate) and wingless (apterous) viviparous females. Aphis nerii, milkweed and 
oleander aphid, is a species with this type of life cycle (Dixon 1973, Blackman & Eastop 2006).   
For species like A. nerii the biological species concept cannot be tested.  The second life cycle is 




morphs are formed and overwintering eggs are deposited on the same host plants. Depending on 
the species, the males may be winged or wingless. Two species native to the Midwest, A. 
rubifolii and A. vernoniae, have this type of life cycle. The third and most complex cycle found 
in Aphis is heteroecious holocycly, in which the summer generations are found on one set of host 
plants (usually herbaceous) and winter hosts are woody plants (usually trees). In the fall, under 
conditions of shortened photoperiod and lower temperature, gynoparae (female that produce the 
oviparae) and males are formed on the summer host.  Both of these morphs fly from the summer 
host in search of the winter host.  There, after mating, the oviparae will lay overwintering eggs. 
The newly arrived pest species of soybean, Aphis glycines has this type of life cycle (Figure 2.1). 
This host alternation, heteroecy, has been one of the main sources of erroneous identification of 
aphids, especially since the aphids migrate between two groups of plants that are botanically 
distant. Synonyms have been created when aphid morphs from primary host plants have been 
treated as separate species from those found living on secondary or summer host plants. Host 
alternation provides an opportunity for aphids to acquire new hosts and may be a key biological 
opportunity for the rapid radiation of some groups of aphids (Eastop 1971, Dixon 1973, Von 
Dohlen & Moran 2000). 
This research is about a group of species that will be referred to as the A. gossypii 
complex and has in it species that are economically important and taxonomically problematic. 
The most widely spread species in the group is A. gossypii an extremely polyphagous and 
very damaging pest to many economically important crops, including cotton, citrus, coffee, 
melon, peppers, potato, squash and sesame. It is a major pest of cotton and cucurbits and is often 
called the cotton-melon aphid. Economic damage due to A. gossypii is by direct feeding, the 
excretion of honeydew and virus transmission. It causes direct feeding damage by sucking the 
sap directly from the phloem, causing the removal of nutrients. Infested leaves curl downwards 
and may appear wrinkled or reddened. Heavy infestations can result in wilting. Young plants 
often have reduced or stunted growth and may sometimes be killed. It is the principal aphid 
attacking cotton, on which it is an early through mid-season pest; although damaging late season 
infestations can occur, especially if broad-spectrum insecticides have reduced natural enemy 
populations (Ebert & Cartwright 1997). Aphis gossypii has a worldwide distribution, although in 
Arctic regions it is mostly confined to glasshouses. Populations of A. gossypii increase rapidly 




by the presence of natural enemies and biological control, pesticide efficacy, the presence of 
pesticide resistance in aphids, and compensatory growth in plants (Slosser et al. 2000).  
This aphid is also problematic for taxonomists. For instance, in Europe there are 
approximately 20 species morphologically similar to A. gossypii and approximately 35 synonyms 
(Stroyan 1984, Heie 1986, Remaudière & Remaudière 1997). Many studies using sequences of 
mitochondrial, nuclear, and length polymorphism for an intron in the sodium channel para-type 
genes have attempted, with positive results, to resolve the intra-specific discrimination and 
diversity of A. gossypii compared with other Aphis species (Coeur D’acier et al. 2007, Foottit et 
al. 2008, Coccuza et al. 2008, Carletto et al. 2009a, Kim et al. 2010a, Komazaki et al. 2010, 
Favret & Miller 2011). In North America morphological studies show that exotic species A. 
gossypii, A. glycines, A. nasturtii, A. sedi and A. urticata, and the natives A. oestlundi, A. 
monardae and A. coreopsidis can easily be misidentified either in immature or adults stages 
(Voegtlin et al. 2004, Lagos 2007, Lagos & Voegtlin 2008). One of the species in this group, A. 
monardae, is considered a synonym of A. gossypii (Eastop & Lambers 1976). Aphis gossypii has 
many different primary host plants and is one of the few aphids that has both holocyclic and 
anholocyclic life cycles (Kring 1955, Blackman & Eastop 2006, Margaritopoulus et al. 2006). 
Careful morphological analysis and the use of multiple tools are necessary for accurate 
discrimination of the cryptic species in this complex.  
The discrimination of cryptic species of A. gossypii is needed because of the introduction 
of the Asian species A. glycines into the Midwest of USA (Voegtlin et al. 2004). This introduced 
species is very close morphologically to A. gossypii and feeds on soybean Glycine max as 
secondary host plant and on Rhamnus spp. as primary host plant. Aphis gossypii is also known to 
colonize soybean in North America, although its colonization on soybeans is uncommon in the 
north central United States. Samples from Alabama, Georgia, Kansas, Louisiana, and Mississippi 
(INHS insect collection) that contained only A. gossypii or a mixture of both species suggest that 
it may be more common on soybeans in southern regions. There are no records of exotic A. 
nasturtii feeding on soybeans and attempts to culture A. nasturtii on soybeans were not 
successful (personal communication, David Ragsdale), however, it shares the winter host, 
Rhamnus spp., with both A. glycines and A. gossypii. Therefore, hybridization among A. 
gossypii, A. glycines and A. nasturtii might be possible due to broad and overlapping distribution 




The other species in this complex in the Midwest are relatively host specific compared to 
A. gossypii and A. nasturtii. A. sedi is genus specific to Hylotelephium (=Sedum) spp. (Kring 
1955, Stroyan 1984, Heie 1986). Aphis coreopsidis feeds on a wide variety of Asteraceae 
(Thomas 1878, Hottes & Frison 1931). A. monardae is limited to a number of mint genera 
(Oestlund 1887) and A. oestlundi lives on Oenothera spp. (Gillette 1927).  None of these species 
have a host alternating life cycle except A. coreopsidis (Blackman & Eastop 2000).  
 
M A T E RI A LS A ND M E T H O DS 
Aphid samples 
 Aphids were collected from their primary and/or secondary host plants from different sites 
within the USA, Italy, France, Spain, China and Japan with the majority of the material coming 
from the Midwest. When possible, aphids were collected alive and held on the host plant for the 
maturation of late instar nymphs. Adults were preserved in 95% ethanol and stored in a 
refrigerator freezer until used to make archival microscope slides or used for the extraction of 
DNA samples. Macrophotographs were taken in situ for many of the species that were collected.  
In addition, specimens were obtained from the Midwest suction trap network (North Central 
Integrated Pest Management 2009) that operated in 10 states beginning mid-May with weekly 
samples through end of October. Collection data information with Illinois Natural History 
Survey (INHS) Insect Collection number voucher is presented in Table 2.1. 
 
Morphometrics 
Archival microscope slides were prepared using the technique described in Lagos (2007). 
Photographs of the mounted specimens were taken using a Leica DM 2000 digital camera and 
SPOT Software 4.6 (Diagnostic Instruments, inc). This software was used to take all the 
measurements for this study. All measurements are in millimeters. Morphological characters 
examined were: length of ultimate rostrum segment (URS); number of accessory setae of URS; 
length of the processus terminalis (PT); length of base of last antennal segment (B); distance 
from the base of antennal segment III to the first secondary sensoria (DBIII); length of longest 
hair on antennal segment III (LHIII); number of secondary sensoria of the antennal segments III, 
IV, and V; length of siphunculus (SIPH); length of cauda (CA); number of setae on abdominal 




marginal tubercles on abdominal segments II, III, IV; width of marginal tubercle on segment 
abdominal I (WTI) and on segment abdominal VII (WTVII); length of second segment of hind 
tarsus (HT2); dorsal abdominal sclerites; pre and post-siphuncular sclerites; color pattern of hind 
coxa, trochanter, hind tibia, siphunculus and cauda. A data matrix of 73 taxa (including 
outgroups) was assembled with 41 morphological characters and respective characters states of 
alate and apterous vivparae (listed in Appendix A) using Mesquite 2.71 (Maddison and 
Maddison 2009). UPGMA (Unweighted Pair Group Method with Arithmetic Mean) of this 
morphological data was performed using PAUP 4.0b10 (Swofford 2001) with default set up. All 
the characters were treated as unordered and equally weighted. Additional ANOVA analyses for 
diagnostic characters such as number of secondary sensoria on antennal segment III, DBIII, 
ratios PT/B and SIPH/CA was run using JMP, Version 7. SAS Institute Inc., Cary, NC, 1989-
2007. 
 
DN A extraction, amplification and sequencing 
 Two or three specimens per sample were sequenced. Rhopalosiphum maidis (Aphidinae: 
Aphidini), Uroleucon hel ianthicola and Hyadaphis tataricae (Aphidinae: Macrosiphini) were 
selected as outgroups. DNA was extracted from aphid specimens stored in 95% ethanol at 4ºC 
(Table 1). Individual specimens were crushed in a 1.5 ml microcentrifuge tube and DNA was 
purified using the QIAamp DNAmicrokit (QIAGEN Inc., Valencia, CA). The mitochondrial 
gene Cytochrome Oxidase I (COI) was amplified in two overlapping fragments, using the 
forward primer C1-J-1718 (Simon et al. 1994) and internal reverse primer C1-J-2411 (5’-
ACTCCTGTTAATCCTCCAATTGTAAA-3’), and the internal forward primer C1-N-2509 (5’-
TCAGCWACTATAATYATTGCWATYCC-3’) and reverse primer TL2-N-3014 (Simon et al. 
1994). To amplify the nuclear gene Elongation Factor-1- (EF1-) the following primers were 
used: EF3F (5’-CTAYGTCACCATMATTGAYGC-3’) and EF2 (Palumbi 1996). The F and R 
primers were synthesized by Invitrogen™ Corporation (Carlsbad, CA). The following procedure 
was performed to amplify both genes: PCR products were generated using PuReTaq™ Ready-
To-Go™ PCR 0.2 ml beads (GE Healthcare UK) mixed with 20 l of PCR-grade water, 1 l of 
F and R primers at 10 M and 3 l of genomic DNA. The PCR protocol used to amplify COI 
and EF1- was as follows: two minutes for an initial denaturation at 95 °C followed by 40 cycles 




were visualized in a 1% agarose gel, stained with GelGreen nucleic acid stain and run for 40 min 
at 90 v. The majority of PCR products were purified using QIAquick® (QIAGEN Inc.) kit. PCR 
products that included the co-amplification of non-specific bands were gel purified using 
Zymoclean ™ gel DNA recovery kit (Zymo Research, USA). The DNA concentration of PCR 
products was measured using a NanoDrop® ND-1000 spectrophotometer (Thermo Fisher 
Scientific, Wilmington, DE). PCR products were sequenced using 3 ul of a mixture of BigDye® 
Terminator v3.1, dGTPBigDye Terminator v3.0, and buffer in a ratio of 2:1:1 respectively, 1.6 
l of 2 M F or R primers, differing amounts of DNA, and 1 l of dimethyl sulfoxide (DMSO) 
(SIGMA-ALDRICH®, St Louis, MO). Sequencing reactions were run using the following 
protocol: 96 °C 2 min (95 °C 20 s; 50 °C 5 s; 60 °C 240 s) 25x. Sequencing reactions were 
cleaned using Performa® DTR Ultra 96-Well Plates (EdgeBioSystems, Gaithersburg, MD) and 
run on ABI 3730 at the Keck Center (University of Illinois at Urbana-Champaign). Finally, the 
length polymorphism for an intron in the sodium channel para-type gene was sequenced using 
the following primers: Aph13 and Aph15 (Carletto et al. 2009a). The PCR protocol was as 
follows: three minutes for an initial denaturation at 95 °C followed by 40 cycles of 94 °C for 
60 s, annealing of 55 °C for 45 s, and extension at 72 °C for 60 s. The sequencing method was 
the same used for the other genes explained above. Raw sequence data were analyzed using 
Sequencher 4.7 (Gene Codes Corporation, Ann Arbor, MI). DNA sequences were aligned with 
Clustal X (version 2.0, 2007; Larkin et al. 2007), and examined by eye for additional corrections.  
 
Retrieved Sequences f rom N C BI GenBank 
 One sequence of COI for A. gossypii (GU591547) and 25 sequences of EF1- for Aphis 
spp (especially those close related to A. gossypii) were retrieved from GenBank: EU019867, 
EU019869, EU019871, EU019872, EU019873, EU019874, EU019875, EU019876, EU019878, 
EU019879, EU358904, EU358907, EU358911, EU358915, EU358916, EU358917, EU358924, 
EU358926, EU358927, GU205375 and GU205376. 
 
Phylogenetic analyses 
Single sets of gene sequences were run using the maximum parsimony (MP) PAUP 
4.0b10 (Swofford 2001) with the following set up of heuristic search: 1000 random additions and 




of branch swapping algorithm. In addition all the characters were treated as unordered and 
equally weighted. The bootstrap analysis was conducted using 1000 replicates and a maxtree 
setting of 100 trees. Modeltest 3.7 (Posada and Crandall 1998) was used to select the best-fit 
nucleotide substitution. MrBayes 3.1.2 (Huelsenbeck & Ronquist 2003) was used to execute the 
Bayesian analyses. The data for combined analyses were partitioned into COI, EF1- and 
morphological data. For single and combined analyses four chains were run. The number of 
generations was 5,000,000 and frequency sampling of 100 generations with rates equal to 
variable gamma as a model of substitution of nucleotides. 
 
Aphid biology 
 Two growth chambers were used to examine various aspects of the biology of A. 
monardae, A. gossypii and A. sedi to find some differences in their life cycle.  Chamber A was 
set at 12  C and short photoperiod (8L:16D), conditions that will trigger the development of 
sexual morphs. Colonies of A. monardae on Monarda fistulosa, A. sedi on Hylotelephium 
telephium, A. gossypii on Cucurbita pepo and Rhamnus cathartica were exposed to these 
conditions for extended lengths of time. Samples of A. monardae and A. sedi were collected on a 
weekly basis from the host plants listed above and examined for the presence of sexual morphs.  
In the cages of A. gossypii weekly samples were taken from R. cathartica. The B chamber was 
set at 24C with constant illumination (24 hours) to keep colonies and test host plant specificity 
of the three species mentioned above. The following experiments were done in Chamber B.  
Colonies of A. monardae on Monarda fistulosa were placed into cages with an aphid free 
Curcurbita pepo plant and left for a several weeks.  Biweekly examination of the C. pepo plants 
was made to determine if A. monardae had colonized them.  Colonies of A. gossypii on C. pepo 
were placed into cages with aphid free M. fistulosa and Hylotelephium telephium and left for 
several weeks.  Biweekly examination of M. fistulosa and H. telephium was made to see if A. 
gossypii had colonized them.  Colonies of A. sedi on H. telephium were placed into cages with 
aphid free C. pepo and left for several weeks.  Biweekly examination of C. pepo was made to see 
if A. sedi had transferred to them.  Experimental plants were grown in 12.7-cm pots and isolated 






R ESU L TS 
Morphological analysis  
The morphological assessment presented in figure 2.2 (clade K) shows that the following 
species belong to the Midwest gossypii complex: A. elena, A. glycines, A. gossypii, A. lythrum, A. 
monardae, A. oestlundi, A. sedi and A. syriaca.  
 
Phylogenetic analyses 
A total of 160 COI sequences (Appendix N) that represents 28 taxa, 133 EF1- 
(Appendix O) that represents 36 taxa (Appendix O), and 13 Sodium channel para-type sequences 
that represents 6 taxa (Appendix P) were used in this study. Sequence divergence among species 
of the gossypii group ranges from 0.08 (between A. gossypii and A. sedi) and 3.86 (between A. 
lythrum and A. sedi). The sequence divergence of A. glycines and A. nasturtii compared with the 
gossypii group ranges from 5.25 (between A. gossypii and A. glycines) and 7.12 (between A. 
lythrum and A. nasturtii) (Table 2.2). These values are higher than for EF1- and Sodium 
channel para-type. The sequence divergences of EF1- and Sodium channel para-type for Aphis 
species related to gossypii group are presented in Table 2.3. The topologies presented are 
inferred by MrBayes. In general, Bootstrap Maximum Parsimony (BMP) (Appendix E) values 
were lower in supporting clades than Bayesian posterior probabilities (PP). The topologies using 
COI (Figure 2.3) (PP/BMP:0.66) and EF1- (Figure 2.4) (PP/BMP: 0.94/91) are not congruent 
in supporting the monophyly of Aphis. Although COI supports clade E (PP/BMP:0.99/91). 
Within this clade there are three main groups: Clade O supported only by Bayesian PP (0.94), 
clade N (PP/BMP:1.00/98) clusters the following taxa: A. rubifolii and A. rubicola and clade M 
(PP/BMP:1/100) strongly supports the relationship between A. nasturtii and A. urticata. Aphis 
forbesi is at the base of clade O and is sister species of the members of clade P 
(PP/BMP:0.99/78). Clade P contains A. glycines and clade R (PP/BMP:0.99/100). The cluster of 
A. gossypii and ingroup, A. sedi (clade S: PP/BMP:0.99/100) is well supported. The relationship 
of A. oestlundi and A. syriaca (clade V: PP:0.70) and these to A. lythrum (clade U: PP:0.99) are 
well supported. The relationship of these taxa to A. monardae with its ingroup, A. elena is 
robustly supported by the two methods (Clade T: PP/BMP:0.76/97).  
The topology inferred by MrBayes using EF1- (Figure 2.4) shows congruent topology 




of the clades (clade J:PP/BMP:0.99/56). In clade J, A. rubifolii and A. rubicola are not related, 
the relationship of A. nasturtii and A. urticata is robustly supported (Clade K:PP/BMP:1.00/97) 
as is clade L (PP:0.99). Clade L is polyphyletic and includes clade (M) with the Asian species A. 
ichigicola and A. ichigo; clade N (PP/BMP:0.98/58) with strong support for the relationship of A. 
glycines with A. sanguisorbicola; and clade O that supports (PP:0.87) the relationship of the A. 
gossypii complex. In clade O, the Asian species: A. agrimoniae and A. hypericiphaga are sister 
species of members of clade P (PP: 0.57). This poorly supported clade presents polytomies of 
species closely related to A. gossypii: A. sedi, A. (Bursaphis) oenotherae, the Asian taxa: A. 
egomae, A. sumire, A. taraxacicola, and A. clerodendri, and the North American native species: 
A. monardae, A. elena, A. oestlundi, A. lythrum, and A. syriaca. The monophyly of A. monardae 
is strongly supported by Bayesian PP(0.94), but not by BMP (61), and the ingroup, A. elena, is 
well supported by the two methods (PP/BMP:1.00/84). Aphis oestlundi, A. lythrum and A. 
syriaca did not form a clade. In contrast, COI supports the relationship of these species.  
The analyses of combined molecular (COI and EF1-) and 41 morphological characters 
(Figure 2.5) resulted in stable phylogenetic reconstruction of the gossypii group with several 
highly supported clades. This phylogenetic tree does not include the sequences retrieved from 
NCBI GenBank or A. forbesi, from which EF1- could not be amplified. Clade H is poorly 
supported (PP:0.52). The relationship of A. rubifolii and A. rubicola (clade P, PP:1.00) to A. 
glycines and gossypii species complex (clade Q, PP:1.00) is well supported. Also, the ingroup A. 
sedi clearly falls within A. gossypii (PP:1.00). For A. coreopsidis, a species that is 
morphologically close to A. gossypii (Figure 2.2) both genes COI and EF1- did not support this 
relationship. The topology using the Sodium channel para-type (SCP) contains only 6 taxa 
related to A. gossypii. The topology built using Bootstrap Maximum Parsimony (Appendix G) is 
not congruent with the topology using MrBayes (Figure 2.6). This gene was difficult to amplify 
in the other aphid samples. The topology is un-rooted and the monophyly of A. monardae is well 
supported by Bayesian PP (0.96). The sister group of A. sedi, A. lythrum and A. gossypii is 
strongly supported (PP/BMP:1.00/97). This is not congruent with the topologies obtained with 
COI and combined data set of COI and EF1- with morphological data, which clusters A. 
oestlundi, A. syriaca and A. lythrum in the same clade. The monophyly of A. gossypii is strongly 






After four weeks under the conditions of reduced temperature and photoperiod, colonies 
of A. monardae reared on Monardae fistulosa produced apterous oviparae and apterous males 
(Figures 2.7:A-B) and A. sedi on Hylotelephium telephium produced apterous oviparae (Figure 
2.7-C) but no males were found. Voucher slides of A. monardae are deposited in the INHS insect 
collection numbers: 512858-512865 as the slides of A. sedi: 511202-511208, 511559-511573.  
After three months in growth chamber B, colonies of A. gossypii were moved to cages in 
growth chamber A. Each cage in chamber A contained potted Rhamnus cathartica and three 
plants of Cucurbita pepo fully infested with A. gossypii. After three weeks, we found alate and 
apterous viviparae on leaves of Rhamnus cathartica. Samples of both morphs were collected 
from Rhamnus cathartica and slide mounted. After two months exposure to the low temperatures 
and reduced photoperiod and weekly collections on R. cathartica no sexual morphs were found.  
Colonies of A. gossypii collected in the field (South Farms, University of Illinois) on Rhamnus 
cathartica in May of 2011 (INHS: 512366-512388) were exposed for 25 days under 
environmental conditions (ranges of temperature between 10 and 22 C, 
http://www.isws.illinois.edu/atmos/statecli/cuweather/) to Cucurbita pepo, Hylotelephium 
telephium and Glycine max. Alates of A. gossypii were collected from H . telephium and G . max 
but they did not produce offspring. Alates that moved to C . pepo produced apterous and alate 
viviparae. Voucher slides are deposited in the INHS insect collection numbers: 512851-512857. 
The colonies of A. gossypii reared on C . pepo were set in a growth chamber B where they grew 
rapidly. Potted Monarda fistulosa were placed in this chamber and they were colonized by A. 
gossypii. Clean plants of C . pepo were later exposed in the same chamber to a colony of A. 
monardae and they were not colonized. A colony of A. sedi begun with fundatrices from H . 
telephium was exposed to squash in growth chamber B for several weeks and did not transfer.  
 
A . monardae Oestlund is not synonymous with A . gossypii G lover 
The phylogeny obtained by COI, EF-1- and combination of these data sets with 
morphological characters (clade R in Figure 2.5) supported the taxonomic status of most of the 
species included in clade N of Figure 2.2, clade R in Figure 2.3 and clade P in Figure 2.4. These 
results clarify the taxonomic status of A. monardae, which currently is treated as a synonym of 




apterous viviparous morphs of A. monardae. Morphologically they have characters that can 
differentiate between these two species:  color pattern of the siphunculi of apterous morph 
(darker in A. gossypii than in A. monardae), and secondary sensoria on antennal segment IV 
always absent in alate viviparae of A. gossypii, but present in A. monardae (Tables 2.4 and 2.5).  
I found that the distance from the base of antennal segment III to the first secondary sensoria 
(DBIII) in alate viviparae consistently separates these species. In A. gossypii, the secondary 
sensoria are uniformly distributed along the segment but not in A. monardae (Figure 2.8). This 
novel morphological character is useful to differentiate these two when alate viviparae are found 
in traps. The means of the distance from the base of antennal segment III to the first secondary 
sensoria of A. gossypii and A. monardae are 0.06 and 0.09 respectively. They are significantly 
different (Figure 2.9, F ratio=152.3, df=1, P<0.0001).  Biological evidence of the reproductive 
isolation of this species is the presence of apterous males and oviparae on M. fistulosa. This 
indicates that this species has a monoecious holocyclic life cycle with the primary host being 
very different between the two species. Finally, COI sequence divergence between A. gossypii 
and A. monardae is 2.7-3.04 (Table 2.2). My conclusion is that A. monardae is valid species and 
not a synonym of A. gossypii. 
 
A . sedi is cryptic species with A . gossypii  
My observations corroborate the biological and morphological findings by Kring (1955). 
He found that A. sedi is holocyclic monoecious, and overwinters on Hylotelephium. Although I 
did not collect apterous males under laboratory conditions. I did collect apterous oviparae 
(Figure 2.7-C). Kring’s morphological observations showed that the ratios of processus 
terminalis to the base of last antennal segment (PT/B), and the ratio of length of siphunculi to 
length of cauda (SIPH/CA) are larger in A. gossypii than A. sedi in all morphs (Table  2.4). In 
contrast the interspecific genetic divergences using COI and EF1- sequences of A. gossypii and 
A. sedi are less than 1% (Tables 2.2 and 2.3). Sodium channel para-type showed greater genetic 
divergence between these two species 0.84-1.84% (Table 2.3). The identity of these taxa is 
supported by phenotypic characters shared by specimens in the collections cited in Tables 1.1, 
2.4 and 2.5. In addition, morphological characters such as ratios of PT/B (Figure 2.10 and Table 




P<0.001) of the alate and apterous viviparae of both taxa are statistically significantly different.  
My conclusion is that A. sedi and A. gossypii are cryptic species. 
 
Descriptions of New Species in the gossypii group 
Aphis elena n sp  
Diagnostic characters: Apterous viviparae very similar to A. gossypii, but they can be 
differentiated by the ratio of the length of siphunculi to the length of cauda (SIPH/CA) which is 
1–1.6 for A. elena and 1.3-2.5 for A. gossypii. . Alate viviparae with few secondary sensoria in 
straight line restricted to antennal segments III (5-6) and IV (1-2). Distance from the base of 
antennal segment III to the first secondary sensoria (DBIII) 0.07-0.09. Forewing with median 
vein once-forked. Dark hind coxa. Cauda paler than siphunculi, with 6-7 setae. Ratio 
SIPH/CA=1-1.3. Marginal sclerites dusky. 
Apterous vivipara (n=22 specimens) (Table 2.5 and Figure 2.12). Color of cleared specimens: 
Head: dark. Six antennal segments: first, second, fifth and base of last antennal segment dusky; 
the remainder pale or slightly dusky. A few individuals with five antennal segments and they 
were not included in the morphometrics analyses. URS reaches the hind coxae. Thorax: Coxae 
dusky. Trochanters paler than coxae. Femora slightly dusky on distal half, basal tips pale. Tibiae 
pale, darkening near distal tip. Tarsi dusky. Abdomen: Cauda dusky and slightly spoon-shaped. 
Siphunculi dark, imbricated with flange. Pre- and post-siphuncular sclerite absent. Marginal 
sclerites pale. Marginal tubercles on abdominal II, III, and IV absent. Dorsum of abdomen 
without sclerites. Sub-genital plate dusky and complete. Cuticle with reticulation. 
Holotype: apterous viviparous female (specimen collection number 511,252 deposited at the 
Illinois Natural History Survey, Champaign, IL). Body 1.27. URS 0.11. antennal segments III 
0.16, IV 0.07, V 0.10, B 0.08, PT 0.19. LHIII 0.011. Hind tibiae 0.49. HT2 0.08. Width of 
tubercle I 0.018. Width of tubercle VII 0.022. Length of siphunculi 0.13. Length of cauda 0.12, 
with 7 setae. Abdominal tergite VIII with 4 setae. Sub-genital plate with 2 setae on anterior 
margin. 
Alate vivipara (n=3 specimens) (Table 2.5 and Figure 2.13). Color of cleared specimens: Head: 
Head and thorax dark. Antennal segments, first and second darker than the other segments. 




rostral segment IV+V reaches the hind coxae, with 2 accessory setae. Thorax: Fore and middle 
femora dusky throughout. Hind femora dark except on the base, which is pale. Coxae dark. 
Trochanters paler than coxae. Tibiae pale, darkening near distal tip. Tarsi dusky or dark. 
Forewing with median vein once-forked. Abdomen: Cauda dusky, tapering. Siphunculi dark, 
imbricated with flange. Marginal sclerites dusky. Pre-siphuncular sclerite absent. Post-
siphuncular sclerite dusky. Marginal tubercles on abdominal II, III, and IV absent. Dorsum of 
abdomen with small transverse sclerites on VI, and VII and large transverse sclerite on VIII. 
Sub-genital plate dusky, and complete. 
Biology: Only two collections of alate and apterous viviparae females of A. elena were found in 
the summer (late June) of 2008 and 2010 on Pycnanthemum virginianum in Middlefork Savanna 
Forest Preserve, Lake Forest, Lake county, Illinois. Sexual morphs were not found. It is likely 
that since the host plant is perennial, this aphid overwinters on the same host plant. Further 
observations need to be done to learn more about the biology of A. elena. 
Etymology: This species is named after the author’s daughter’s middle name, Katherine Elena. 
Type material: All of the aphid slides are deposited in the U.S. Illinois Natural History Survey 
(INHS). HOLOTYPE: Apterous vivipara, 511,252, Middlefork Savanna Forest Preserve, Lake 
Forest, 42.2620°N -87.8962°W, Lake county, IL, 20 VI 2010, on Pycnanthemum virginianum, 
D. Lagos. PARATYPES: 4 alate viviparae, 25 apterous viviparae, 511,243-510,259, Middlefork 
Savanna Forest Preserve, Lake Forest, 42.2620°N -87.8962°W, Lake county, IL, 20 VI 2010, on 
Pycnanthemum virginianum, D. Lagos; 1 apterous vivipara, 511,363, Middlefork Savanna Forest 
Preserve, Lake Forest, 42.2620°N -87.8962°W, Lake county, IL, 28 VI 2008, on Pycnanthemum 
virginianum, D. Voegtlin.  
 
Aphis lythrum n sp  
Diagnostic characters: Apterous viviparae with pale body. Cauda dark, oblong and pointed with 
constriction at the cauda base, 6-10 setae. Siphunculi mostly dark, lighter at the base, imbricated 
with flange. Alate viviparae with few secondary sensoria in straight line restricted to III (3-5). 
Distance from the base of antennal segment III to the first secondary sensoria (DBIII) 0.05-0.09.  




Apterous vivipara  (n=28 specimens) (Table 2.5 and Figure 2.14). Color of cleared specimens: 
Head: Head dusky. Six antennal segments: I to middle of V dusky, distal half of V and VI darker 
than the other segments. A few individuals with five antennal segments. Secondary sensoria 
absent on all antennal segments. URS reaches the hind coxae. Thorax: Coxae, trochanters and 
femora dusky. Tibiae dusky, darkening near distal tip. Tarsi dark as distal tip of tibiae. Abdomen: 
Cauda dark, oblong and pointed with constriction at the cauda base. Siphunculi mostly dark, 
lighter at the base, imbricated with flange. Marginal sclerites pale.  A few individuals with 
marginal tubercles on abdominal II and V. Dorsum of abdomen without sclerites. Pre- and post-
siphuncular sclerite absent. Sub-genital plate dusky and complete. Cuticle with reticulation. 
Holotype: apterous viviparous female (specimen collection number 511,268 deposited at the 
Illinois Natural History Survey, Champaign, IL). Body 1.3. URS 0.10. Antennal segments III 
0.20, IV 0.09, V 0.11, B 0.09, PT 0.23. LHIII 0.008. Hind tibiae 0.60. HT2 0.09. Width of 
tubercle I 0.022. Width of tubercle VII 0.020. Length of siphunculi 0.23. Length of cauda 0.17, 
with 8 hairs. Abdominal tergite VIII with 2 hairs. Sub-genital plate with 2 hairs on anterior 
margin. 
Alate vivipara (n=28 specimens) (Table 2.5 and Figure 2.15). Color of cleared specimens: 
Head:  dark. Six antennal segments, I and II darker than the other segments. Secondary sensoria 
restricted to third antennal segment, arrange in a single row. Thorax: Fore and middle femora 
dusky throughout. Hind femora dark except on the base, which is pale. Coxae dark. Trochanters 
paler than coxae. Tibiae pale, darkening near distal tip. Tarsi dark. Abdomen: Cauda dusky, 
oblong and pointed without constriction. Siphunculi dark, imbricated with flange. Marginal 
sclerites dusky. Pre-siphuncular sclerite absent. Post-siphuncular sclerite dusky. A few 
individuals with marginal tubercles on abdominal II and III. Dorsum of abdomen with small 
transverse sclerites on VII and large transverse sclerite on VIII. Sub-genital plate pale and 
complete.  
Biology: Only one collection of winged and apterous viviparae of A. lythrum was found in the 
summer (late June) of 2010 on Lythrum salicaria in Middlefork Savanna Forest Preserve, Lake 
Forest, Lake county, Illinois. I looked for this aphid in the same location in the beginning of 
October of 2011 without success. This host has been the focus of considerable biological control 




on it.  It does not match any other aphid found on Lythrum in Europe or North America and if it 
is in Europe on Lythrum it has most likely been misidentified as A. gossypii a species that is also 
recorded from Lythrum (Blackman & Eastop 2006). Its life cycle is unknown. 
Etymology: This species is named after its host plant genus, Lythrum. 
Type material: The examined specimens are deposited in the U.S. Illinois Natural History 
Survey (INHS). HOLOTYPE: Apterous vivipara, 511,268, Middlefork Savanna Forest, Lake 
Forest, 42.2523°N -87.8962°W, Lake county, IL, 20 VI 2010, on Lythrum salicaria, D. Lagos. 
PARATYPES: 50 alate viviparae, 34 apterous viviparae, 511,260-510,302, Middlefork Savanna 
Forest Preserve, Lake Forest, 42.2620°N -87.8207°W, Lake county, IL, 20 VI 2010, on Lythrum 
salicaria, D. Lagos. 
 
Aphis syriaca n sp.  
Diagnostic characters: Apterous viviparae with pale body. Cauda dark, with parallel sides and 
blunt tip. Siphunculi dark, imbricated with flange. Alate viviparae with few secondary sensoria 
in straight line restricted to III (3-7). Distance from the base of antennal segment III to the first 
secondary sensoria DBIII 0.07-0.13. Dark hind coxa. Cauda dusky, oblong and pointed with 
constriction at the base, 6-7 setae.  
Apterous vivipara (n=2 specimens) (Table 2.5 and Figure 2.16). Color of cleared specimens: 
Head: Head dusky. Six antennal segments: I and II darker than the other of segments, III pale 
and dusky in the distal tip, IV dusky throughout and pale at the base, V and VI dusky. Secondary 
sensoria absent on all antennal segments. URS reaches hind coxae. Thorax: Coxae and 
trochanters dusky. Fore femur dusky throughout, middle and fore femora dusky except at their 
base. Tibiae pale, darkening near distal tip. Tarsi as dark as distal tip of tibiae. Abdomen: Cauda 
dark, with parallel sides and blunt tip. Siphunculi dark throughout, imbricated with flange. 
Marginal sclerites pale. Pre- and post-siphuncular sclerites absent. Dorsum of abdomen without 
sclerites. Sub-genital plate dusky and incomplete. Cuticle without reticulation. 
Holotype: apterous viviparous female (specimen collection number 511,362 deposited at the 
Illinois Natural History Survey, Champaign, IL): apterous vivipara. Body 1.68. URS 0.14. 
Antennal segments III 0.25, IV 0.18, V 0.17, B 0.12, PT 0.30. LHIII 0.010. Hind tibiae 0.83. 




Length of cauda 0.14, with 9 setae. Abdominal tergite VIII with 4 setae. Sub-genital plate with 4 
setae on anterior margin. 
Alate vivipara (n=25 specimens) (Table 2.5 and Figure 2.17). Color of cleared specimens: 
Head: Head dark. Six antennal segments: I and II darker than the other segments, III to V, B 
dusky and Pt with basal half pale and half distal dusky. Secondary sensoria restricted to antennal 
segment III, arranged in a single row. URS reaches hind coxae. Thorax: Fore and middle femora 
dusky throughout. Hind femora dark except near the base, which is pale. Coxae dark. 
Trochanters paler than coxae. Tibiae pale, darkening near distal tip. Tarsi dark. Abdomen: Cauda 
dusky, oblong and pointed and constricted at the base. Siphunculi dark, imbricated with flange. 
Marginal sclerites dusky. Pre-siphuncular sclerite absent. Post-siphuncular sclerite dusky. 
Dorsum of abdomen with small transverse sclerites on I, II, and VI, and large transverse sclerite 
on VII and VIII. Sub-genital plate dusky and complete.  
Biology: Only one collection of alate and apterous viviparae of A. syriaca was made in the 
summer (late June) 2008 on Asclepias syriaca in Kettle Moraine State Forest, Campbellsport 
county, Wisconsin. Its life cycle is unknown and further observations need to be done to learn 
more about the biology of this aphid. 
Etymology: This species is named after its host plant specific name, syriaca. 
Type material: The examined specimens are deposited in the U.S. Illinois Natural History 
Survey (INHS). HOLOTYPE: Apterous vivipara, 511,362, Kettle Moraine State Forest, 
42.8458°N -88.6097°W, Campbellsport county, Wisconsin, 29 VI 2008, on Asclepias syriaca, D. 
Lagos. PARATYPES: 30 alate viviparae, 1 apterous vivipara, 511,360-511,361; 511,672-
511,679, Kettle Moraine State Park, 42.8458°N -88.6097°W, Campbellsport county, Wisconsin, 
29 VI 2008, on Asclepias syriaca, D. Lagos. 
 
D ISC USSI O N 
The gossypii group is well represented by numerous samples in my studies and both 
morphological and molecular characterization support this group as monophyletic. It contains the 
following North American native species, A. oestlundi, A. monardae and the newly described A. 




gossypii show that it may be found on the hosts (Oenothera, Monarda, Pycnanthemum, Lythrum 
and Asclepias respectively) of the above native clade. Collection records for the native species 
suggest limited host range, very different from A. gossypii. My results show that these species 
can be differentiated by morphological and biological studies, but for molecular analyses another 
marker was necessary. The sodium channel para-type gene differentiates between A. gossypii and 
A. sedi. This marker successfully differentiated between the cryptic species A. gossypii and A. 
frangulae (Carletto et al. 2009a).   The relationship of A. glycines, A. gossypii and A. nasturtii 
shown in my results is consistent with the study presented by Foottit et al. (2008) but discordant 
with the study developed by Kim et al. (2010a). Since these three species share a winter host 
plant, Rhamnus spp., I believe it is logical to accept this relationship.  All three species are exotic 
and are found in the Midwest and all have been found overwintering on Rhamnus.  This is not 
the only overwintering host for A. gossypii.  Male aphids are known to mate with oviparae of 
other species and with shared winter host bringing males and oviparae to a common host it will 
be interesting to continue studies of gene flow and phenotypic characterization of these three 
species. In this clade also were found A. forbesi whose host plant is Fragaria spp. (Family 
Rosaceae) although I could find this relationship only using COI sequences, and the sister 
species A. rubifolii and A. rubicola, that feed on Rubus spp (Family Rosaceae).  This is 
interesting because the primary hosts of the Rhopalosiphum are members of the family Rosaceae. 
This maybe an explanation for the COI analyses placing Rhopalosiphum maidis within Aphis.  
 
Monophyly of A . gossypii group 
My study is different from other published research on Aphis since I used an overlapping 
and larger region of COI and also because the taxa included in this study are not the same as in 
other studies. Despite using different taxa the relationship of the Aphis species is more consistent 
with morphological similarities than with host plant association and life cycle. This corroborates 
the results obtained by Coeur D’acier et al. (2007), Kim & Lee (2008), Kim et al. (2010a), Kim 
et al. (2010b) and Kim et al. (2011) except, the discordance of morphological and molecular 
phylogeny of the North American species, A. coreopsidis.  
Aphis urticata and A. nasturtii clade together and share morphological characters.  In 
alate viviparae (dark siphunculi, cauda dusky to dark oblong, pointed and constricted at the base, 




row in antennal segments III, IV and V) and in apterous viviparae (paler siphunculi, tongue 
shaped cauda and marginal tubercles abdominal segments II, III and IV). Aphis urticata is 
monoecious holocyclic on Urtica dioica and A. nasturtii is heteroecious holocyclic on Rhamnus 
cathartica (primary host) and many summer host plants (Nasturtium officinale, Rumex spp, 
Polygonum spp, Solanum tuberosum, Veronica beccabunga) but never found on U . dioica. It is 
important to mention that A. gossypii and A. nasturtii share some secondary or summer host 
plants (Veronica spp) and primary host plant (Rhamnus spp) (Stroyan 1984, Heie 1986, 
Blackman & Eastop 2006). The distant relationship of A. rubicola and A. rubifolii to A. gossypii 
and closely related species reflects the few morphological characters that these species have in 
common such as pale body color for apterous viviparae and secondary sensoria restricted to the 
third antennal segment. Their life cycle is monoecious holocyclic on Rubus spp.  
The relationship of A. sanguisorbicola with A. glycines is well supported (Figure 2.4, 
PP/BMP:1/99). These taxa have pale cauda and dark siphunculi. A. sanguisorbicola feeds on 
Rubus spp. and has a monoecious holocyclic life cycle like A. rubifolii and A. rubicola but it 
clades with the Asian species, A. glycines. Interestingly, this plant is included in the long list of 
secondary host plant of A. gossypii (Stroyan 1984, Heie 1986, Blackman & Eastop 2006). The 
exotic, A. glycines, is a sister taxon of A. gossypii. This relationship is well supported by 
morphological data (Voegtlin et al. 2004, Lagos 2007, Kim et al. 2010b) and molecular data 
(Foottit et al. 2008, Kim et al. 2010a, Kim et al. 2011). This species has a heteroecious 
holocyclic life cycle and shares primary host plant (Rhamnus spp) and secondary host plant 
(Glycine max) with A. gossypii.  
The cluster of sibling species: A. gossypii, A. sedi, A. oestlundi, A. monardae, and the 
new species: A. elena, A. lythrum and A. syriaca have very interesting biological, morphological 
and molecular insight.  Aphis gossypii has a long list of secondary host plants including the host 
plants of closely related taxa (Stroyan 1984, Heie 1986, Blackman & Eastop 2006). This is one 
of the few Aphis species that has multiple primary host plants (Blackman & Eastop 2006) and 
produces alate males. On the other hand, the native taxa related to it and found in the Midwest 
have monoecious holocyclic life cycle (see Table 2.1 for host plant information) except for the 
new species for which the life cycle is unknown. Aphis oestlundi, A. monardae and A. sedi have 
wingless males that confirm the isolated reproduction of the species. Fortunately, these sibling 




values that support interspecific sequences divergences are higher than those found by Foottit et 
al. (2008) and Favret & Miller (2011). Furthermore, the newly described A. elena is molecularly 
close related to A. monardae. They both feed on plants (Monarda and Pycnanthemum) of the 
endemic family of North America, Lamiaciae (USDA, NRCS 2008), hosts on which A. gossypii 
has also been recorded. The life cycle of A. elena is unknown, but it is most likely that it is 
monoecious holocyclic on its host perennial plant. Currently, A. monardae is considered a 
synonym of A. gossypii, but my studies show it is a valid species.  
My results for A. gossypii corroborate the morphological and biological observations 
found by and Margaritopoulus et al. (2006). They measured 13 parameters of morphological data 
from 97 clonal lineages (728 specimens) and 27 field collections (313 specimens). As a result 
they found clear morphological separation between collections on Compositae and 
Cucurbitaceae and Malvaceae. Also they found that length of siphunculi and last antennal 
segment are more informative characters to differentiate races within A. gossypii. This supports 
the statement that the averages of the ratios PT/B and SIPH/CA are useful to differentiate 
between it and it’s cryptic species A. sedi (Kring 1955, Heie 1986, Stroyan 1984). I did not 
sequence any specimen of A. gossypii collected on Compositae and did not find any significant 
morphological variation in my samples.  The host range of A. gossypii is very large and it is 
found throughout the world. The COI sequence divergence values are not different from other 
studies where aphids are clearly differentiated either intra and interspecifically (Cognato 2006, 
Coeur D’acier et al. 2007, Foottit et al. 2008, Favret & Miller 2011, Wang & Qiao 2009). Also, 
the low sequence divergences found between comparisons of cryptic species such as A. gossypii 
and A. sedi (Table 2.2) are consistent with those found by Smith et al. (2008) and Piffaretti et al. 
(2012). To set boundaries to differentiate Aphis species using COI sequence divergences may 
lead to the misidentification of new species and this has been tested in other orders of insects 
(Blaxter 2004, Hebert et al. 2004, Nadler 2002, Will & Rubinoff 2004, Smith et al. 2008) 
I also found three new sibling species that fall into the gossypii complex and it is likely 
that many new species will be found within this group as additional material is gathered and 
molecular data are compared to biological and morphological data. Having multiple primary 
hosts is unusual for any species and it may be that the gossypii lineages that select specific hosts 





C O N C L USI O NS 
In the gossypii group the species that share morphological traits both exotic and native 
are shown to form a diverse clade.  In this case instead of creating synonyms, three new species 
(A. elena, A. lythrum and A. syriaca) are described expanding the group.  Given the cosmopolitan 
distribution and diverse biology of what are identified on the basis of morphology as A. gossypii, 
the continued discovery and description of new species within this group is likely. Members of 
this complex appear to be rapidly evolving through adaptation and specialization on different 
host plants. The species included in this group feed secondary or primarily on different host 


























C H APT E R 3: M O L E C U L A R , M O RPH O L O G I C A L A ND BI O L O G I C A L E V A L U A T I O N 
O F T H E APH IS MIDDL E TONI I T H O M AS (H E M IPT E R A: APH IDID A E) SPE C I ES 
C O MPL E X IN T H E M ID W EST E RN UNI T E D ST A T ES, W I T H D ESC RIPT I O N O F 
N E W SPE C I ES 
 
A BST R A C T 
The commonly named root aphids in USA include the following species: Aphis knowltoni 
and A. middletonii. Aphis middletonii has been synonymyzed with A. maidiradicis and A. 
armoraciae, and A. maidiradicis with A. menthaeradicis by Eastop and Blackman in 2005. 
However, my results show that morphologically A. maidiradicis is a distinct species. I also 
describe two new species, A. jonathina and A. mediaty, within this complex. Aphis jonathina 
feeds on Plantago spp.but is distinct from A. maidiradicis, and A. mediaty feeds on Taraxacum 
spp.but is distinct from A. knowltoni. Despite the low sequence divergences of COI and EF1- 
among these species (less than 1%) I found morphological characters that are useful to 
differentiate the alate and apterous viviparae. They are the number of secondary sensoria on 
antennal segment III of alate viviparae, the longest seta and length of antennal segment III of 
apterous viviparae, the shape of the cauda and the color pattern of hind tibiae.  
 
IN T R O DU C T I O N 
In North America there is a group of Aphis spp. that live on the roots of a wide range of 
plants. The names of the species described in this complex are:  A. armoraciae Cowen, A. 
knowltoni Hottes & Frison, A. maidiradicis Forbes, A. menthaeradicis Cowen and A. middletonii 
Thomas.   
Due to their morphological similarities and feeding behavior sometimes on the same host 
plant a great confusion has been created by their authors. For example, there are differences of 
opinion on the taxonomic position of A. armoraciae Cowen, 1895. Palmer (1952) indicated that 
this species was misidentified by Thomas (1879) who named it as A. middletonii.  
Intense research was done in the early 19th century to investigate the biology of A. 
maidiradicis Forbes (Vickery 1910, Forbes 1913, Davis 1917) due to its economic importance as 
a pest of corn. In addition to corn it feeds on multiple host plants remaining on roots overwinter. 




attended and moved them to corn roots, and a winged male was obtained only from experimental 
laboratory work, on Leptochloa filiformis (Lam.) Beauv. (Vickery 1910). Summer distribution 
occurs through the movement of winged migrants. Although still commonly found in Midwest 
suction trap network (North Central Integrated Pest Management 2009), it is currently not 
considered a pest in corn most likely due to insecticides used against Diabrotica spp. 
According to Vickery (1910) and Palmer (1952) A. maidiradicis and A. armoraciae can 
be differentiated based on the shape of the cauda and number of secondary sensoria on the third 
antennal segment of the alate viviparae. Also A. armoraciae has winged males and A. 
maidiradicis has apterous males according to Davis (1917), Weed (1888) and Forbes (1913), but 
alate males according to Vickery (1910). Hottes & Frison (1931) identified the root aphids from 
Illinois as A. maidiradicis. In 1983, Knowlton cited a list of host plants for A. maidiradicis and 
A. armoraciae. Cook (1984) differentiated A. middletonii and A. armoraciae. Furthermore, 
Stoetzel et al. (1996) described A. maidiradicis as part of a list of aphid species that colonize 
cotton in the United States. Gillette and Palmer (1931) described A. menthaeradicis Cowen and 
A. middletonii Thomas as distinct species. Later, Remaudière & Remaudière (1997) cited A. 
armoraciae, A. maidiradicis, A. menthaeradicis and A. middletonii as valid species, while Eastop 
& Blackman (2005) placed A. armoraciae, A. maidiradicis as synonyms of A. middletonii. 
Specimens found in suction trap samples collected from 2001 to 2006 from 10 different states of 
the Midwest were separated into two species and identified as A. maidiradicis and A. armoraciae 
(Lagos 2007). Furthermore, Foottit et al. (2008) presented a range of pairwise genetic 
divergences of 0-0.79 among samples of A. middletonii collected in Canada (Ontario, Quebec 
and Alberta) and USA (North Carolina and Utah). Given the above, the status of the species 
named in this complex is not clear.  Therefore, the objective of this chapter is to resolve the 
complexity of species related to A. middletonii using morphological and molecular (cytochrome 
oxydase I, COI and Elongation factor 1-, EF1-) methods. 
 
M A T E RI A LS A ND M E T H O DS 
 
Aphid samples 
 Aphids were collected from their primary and/or secondary host plants from different sites 




from the Midwest. When possible, aphids were collected alive and held on the host plant for the 
maturation of late instar nymphs. Adults were preserved in 95% ethanol and stored in a 
refrigerator freezer until used either to make archival microscope slides or used for the extraction 
of DNA samples. Macrophotographs were taken in situ for many of the species that were 
collected.  In addition specimens were obtained from the Midwest suction trap network that 
operated in 10 states beginning mid-May with weekly samples through end of October. 
Collection data information with INHS collection number voucher is presented in Table 3.1. 
 
Morphometrics 
 Archival microscope slides were prepared using the technique described in Lagos (2007). 
Photographs of the mounted specimens were taken using a Leica DM 2000 digital camera and 
SPOT Software 4.6 (Diagnostic Instruments, Inc).  This software was used to take all the 
measurements for this study. All measurements are in millimeters. Morphological characters 
examined are: length of ultimate rostrum segment (URS); number of accessory setae of URS; the 
ratio of last antennal segment; length of the processus terminalis (PT); length of last antennal 
segment (B); length of longest hair on antennal segment III (LHIII); number of secondary 
sensoria of the antennal segments III, IV, and V; width of marginal tubercle on abdominal 
segment I (WTI) and on abdominal segment VII (WTVII); length of siphunculus (SIPH); length 
of cauda (CA); number of setae on abdominal tergite VIII; number of setae on anterior margin of 
sub-genital plate; presence of additional marginal tubercles on abdominal segments II, III, IV; 
length of second segment of hind tarsus (HT2); dorsal abdominal sclerites; pre and post-
siphuncular sclerites; color pattern of hind coxa, trochanter, hind tibia, siphunculus and cauda.  
A data matrix of 43 taxa (including outgroups) was assembled with 41 morphological 
characters and respective characters states of alate and apterous viviparae (listed in Appendix A) 
using Mesquite 2.71 (Maddison and Maddison 2009). UPGMA (Unweighted Pair Group Method 
with Arithmetic Mean) of this morphological data was performed using PAUP 4.0b10 (Swofford 
2001) with default set up. All the characters were treated as unordered and equally weighted. 
Additional ANOVA analyses for diagnostic characters such as number of secondary sensoria on 
antennal segment III of alata viviparae, longest seta on antennal segment III of apterous 
viviparae and length of antennal segment III of apterous viviparae were run using JMP, Version 





DN A extraction, amplification and sequencing 
 Two or three specimens per sample were sequenced. DNA was extracted from aphid 
specimens stored in 95% ethanol at 4ºC (Table 1.1). Individual specimens were crushed in a 1.5 
ml microcentrifuge tube and DNA was purified using the QIAamp DNAmicrokit (QIAGEN Inc., 
Valencia, CA).  The mitochondrial gene Cytochrome Oxidase I (COI) was amplified in two 
overlapping fragments, using the forward primer C1-J-1718 (Simon et al. 1994) and internal 
reverse primer C1-J-2411 (5’-ACTCCTGTTAATCCTCCAATTGTAAA-3’), and the internal 
forward primer C1-N-2509 (5’-TCAGCWACTATAATYATTGCWATYCC-3’) and reverse 
primer TL2-N-3014 (Simon et al. 1994). To amplify the nuclear gene Elongation Factor 1- 
(EF1-) the following primers were used: EF3F (5’-CTAYGTCACCATMATTGAYGC-3’) and 
EF2 (Palumbi 1996). The F and R primers were synthesized by Invitrogen™ Corporation 
(Carlsbad, CA). The following procedure was performed to amplify both genes: PCR products 
were generated using PuReTaq™ Ready-To-Go™ PCR 0.2 ml beads (GE Healthcare UK) mixed 
with 20 l of PCR-grade water, 1 l of F and R primers at 10 M and 3 l of genomic DNA. 
The PCR protocol used to amplify COI and EF1- was as follows: two minutes for an initial 
denaturation at 95 °C followed by 40 cycles of 95 °C for 30 s, annealing of 53 °C for 30 s, and 
extension at 72 °C for 120 s. PCR products were visualized in a 1% agarose gel, stained with 
GelGreen nucleic acid stain and run for 40 min at 90 v. The majority of PCR products were 
purified using QIAquick® (QIAGEN Inc.) kit. PCR products that included the co-amplification 
of non-specific bands were gel purified using Zymoclean ™ gel DNA recovery kit (Zymo 
Research, USA). The DNA concentration of PCR products was measured using a NanoDrop® 
ND-1000 spectrophotometer (Thermo Fisher Scientific, Wilmington, DE). PCR products were 
sequenced using 3 ul of a mixture of BigDye® Terminator v3.1, dGTPBigDye Terminator v3.0, 
and buffer in a ratio of 2:1:1 respectively, 1.6 l of 2 M F or R primers, differing amounts of 
DNA, and 1 l of dimethyl sulfoxide (DMSO) (SIGMA-ALDRICH®, St Louis, MO). 
Sequencing reactions were run using the following protocol: 96 °C 2 min (95 °C 20 s; 50 °C 5 s; 
60 °C 240 s) 25x. Sequencing reactions were cleaned using Performa® DTR Ultra 96-Well Plates 
(EdgeBioSystems, Gaithersburg, MD) and run on ABI 3730 at the Keck Center (University of 
Illinois at Urbana-Champaign). Raw sequence data were analyzed using Sequencher 4.7 (Gene 




2007; Larkin et al. 2007), and examined by eye for additional corrections.  
Phylogenetic analyses 
Single sets of gene sequences were run using Maximum Parsimony (MP) PAUP 4.0b10 
(Swofford 2001) with the following set up of heuristic search: 1000 random additions and 10 
trees were held at each replicate. Tree bisection reconnection (TBR) was selected as an option of 
branch swapping algorithm. In addition all the characters were treated as unordered and equally 
weighted. The bootstrap analysis was conducted using 1000 replicates and a maxtree setting of 
100 trees. Modeltest 3.7 (Posada and Crandall 1998) was used to select the best-fit nucleotide 
substitution. MrBayes 3.1.2 (Huelsenbeck & Ronquist 2003) was used to execute the Bayesian 
analyses. The data for combined analyses were partitioned into COI, EF1- and morphological 
data. For single and combined analyses four chains were run. The number of generations was 
5,000,000 and frequency sampling of 100 generations with rates equal to variable gamma as a 
model of substitution of nucleotides. 
 
R ESU L TS 
4.2.1 Morphology 
The morphological assessment presented in Figure 3.1 (cluster A) shows the close 
relationship of A. middletonii to the newly described species, A. jonathina and A. mediaty, as 
well as A. maidiradicis, and A. knowltoni.  
A review of paratypes of A. menthaeradicis and type of A. middletonii deposited at the 
INHS Insect Collection reveals that this species is not synonymous with A. maidiradicis. 
My observations support the statement of Palmer (1952) who differentiated A. 
maidiradicis and A. methaeradicis based on the length of antennal segments and number of 
pseudosensoria on hind tibiae of apterous oviparae. Also, A. armoraciae and A. middletonii are 
synonymous because I can find no morphological characters to distinguish between them. 
Table 3.2 provides measurements and counts for a number of morphological characters 
for A. jonathina n. sp., A. knowltoni, A. maidiradicis, A. mediaty n. sp. and A. middletonii.  These 
characters help differentiate these species. 
 




A . knowltoni (Table 3.2): Alatae with secondary sensoria on antennal segments III (15-27), IV 
(7-15) and V (4-12) (Figure 3.5-B). Ratio of length of processus terminalis to the base of last 
antennal segment 1.3-1.9. Longest seta on antennal segment III (0.026-0.039). All tibiae and tarsi 
dusky to dark throughout (Figure 3.6-B). Cauda dark, tapering with concave sides and bluntly 
rounded tip, pale area with approximately ½ caudal length, with 12-18 setae, length 0.14-0.17. 
Siphunculi short (0.14-0.18) with reduced flange. Apterae with secondary sensoria on antennal 
segments: III (0-16), IV (0-12) and V (0-7). Ratio of length of processus terminalis to the base of 
last antennal segment 1.4-2.0. Longest seta on antennal segment III (0.026-0.039). The statistical 
analysis of the mean of the longest seta on antennal segment III shows that this morphological 
character is significantly different among A. jonathina, A. maidiradicis, A. mediaty and A. 
middletonii (Figure 3.13, F ratio=246.37, df=4, P<0.0001). Also, a comparison using Tukey-
Kramer HSD shows that the mean of the longest seta on antennal segment III is significantly 
different in A. knowltoni from A. jonathina, A. maidiradicis, A. mediaty and A. middletonii 
(Table 3.4). Cauda dark, tapering with concave sides and bluntly rounded tip, pale area with 
approximately ½ caudal length, with 13-21 setae, length 0.13-0.17. Ratio of length of siphunculi 
to the length of cauda 1.0-1.3. Some of the studied specimens present a strong sclerotization 
pattern on the abdominal dorsum (Figure 3.8-C). Hind tibiae dark dusky or dark throughout. This 
species was not sequenced. 
A . maidiradicis (Table 3.2): Alatae with secondary sensoria on antennal segments III (4-9) and 
IV (0-2). Ratio of the length of processus terminalis to the base of last antennal segment 1.6-2.8 
(Figure 3.5-C). Cauda dark, slightly tapering with bluntly rounded tip, pale area approximately ½ 
caudal length, with 10-19 setae, length 0.08-0.11. Apterae with few secondary sensoria on 
antennal segments III and IV (Figure 3.7-C). Hind tibiae dusky, dark near basal tip (Figure 3.6-
C). Cauda dark, triangular, pale area approximately 1/3 caudal length, with 12-17 setae, length 
0.09-0.13. Siphunculi short with reduced flange (Figures 3.8-D and 3.9-C). The statistical 
analyses of the mean of number of secondary sensoria on antennal segment III shows that this 
morphological character is significant different among A. knowltoni, A. mediaty and A. 
middletonii (Figure 3.12, F ratio=53.01, df=2, P<0.0001). Also, a comparison using Tukey-
Kramer HSD shows that the mean of secondary sensoria on antennal segment III is significantly 




A . middletonii (=A. armoraciae) (Table 3.2): Alatae with secondary sensoria restricted to 
internal margin on antennal segments III (10-17), IV (0-5) and V(0-2). Secondary sensoria 
sometimes strongly tuberculate. Ratio of the length of processus terminalis to the base of last 
antennal segment 1.7-2.2. Hind tibiae dusky or dark throughout (Figure 3.6-E). Cauda dark, 
tapering with concave sides and bluntly rounded tip, pale area with approximately ½ caudal 
length, with 10-18 setae, length 0.11-0.16. Siphunculi with reduced flange. Ratio of the length of 
siphunculi to the length of cauda 1-1.4 (Figure 3.9-E). Apterous viviparae with secondary 
sensoria on antennal segments: III (0-11), IV (0-3) and V (0-2). Ratio of length of processus 
terminalis to the base of last antennal segment 1.6-2.2. Cauda Cauda dark, tapering with concave 
sides and bluntly rounded tip, pale area with approximately ½ caudal length, with 11-15 setae, 
length 0.10-0.16. Ratio of length of siphunculi to the length of cauda 0.9-1.4. Most of the studied 
specimens do not have a strong sclerotization pattern on the abdominal dorsum (Figure 3.8-H). 
Hind tibiae dusky, dark near base.  
 
Morphological Description of Aphis jonathina n. sp. 
Diagnostic characters: A. jonathina is considered to be a new species because the length of the 
antennal segments of the apterous viviparae of A. jonathina are shorter than all the species 
included in this complex. The hind tibiae of the apterous ovipara has few pseudosensoria. This 
morphological character is shared with the apterous ovipara of A. menthaeradicis. The statistical 
analysis of the mean of the length of antennal segment III shows that this morphological 
character is significantly different among A. jonathina, A. knowltoni, A. maidiradicis, A. mediaty 
and A. middletonii (Figure 3.14, F ratio=56.38, df=4, P<0.0001). Also, a comparison using 
Tukey-Kramer HSD shows that the mean of length of antennal segment III is significantly 
different in A. jonathina from A. knowltoni, A. mediaty and A. middletonii (Table 3.5). The cauda 
of the single alate vivipara matches the shape of cauda of A. maidiradicis but the hind tibiae are 
dark throughout. Alatae, apterae and oviparae do not have sclerites on abdominal dorsum. 
Apterous vivipara (n=11 specimens) (Figures 3.7-A, 3.8-A). Color of aphid alive: Head, thorax 
and abdomen light green yellowish. Antennal segments III to V pale, last antennal dusky. Pale 
legs, hind tibiae dusky apically and tarsus dusky. Siphunculi and cauda dusky. Color on slide and 
morphological characters: Head: Dark. Antennal tubercles undeveloped. Antenna six-segmented. 




Rostrum extending to mesocoxae, ultimate rostral segment with 2 accessory setae. Thorax: 
Coxae dark and trochanters dusky to dark. Femora dark except at the base. Hind tibiae pale, 
darkening near distal tip. Tarsi dusky. Abdomen: Cauda dark, triangular with convex side, pale 
2/3 of caudal length, with 11–16 setae. Siphunculi dark, lightly imbricated, reduced flange. 
Marginal sclerites dusky to dark. Pre-siphuncular sclerite absent and post-siphuncular may be 
absent or present. Marginal tubercles present on abdominal segments I and VII, sometimes on II, 
III, and IV. Dorsum of abdomen without sclerites or when present scattered without apparent 
pattern. Abdominal tergite VIII with 2 setae. Subgenital plate dusky, complete, with 2-3 anterior 
setae. For morphometric data see Table 3.2. 
Holotype: apterous viviparous female (specimen collection number 510,405 deposited at the 
Illinois Natural History Survey, Champaign, Illinois). Body 1.5. URS 0.14, accessory setae 2. 
Antennal segments: III 0.14, IV 0.09, V 0.07, B 0.09. PT 0.17. Longest hair on antennal segment 
III 0.010. Hind tibiae 0.60. HT2 0.11. Width of marginal tubercle on abdominal segment I 0.036. 
Width of marginal tubercle on abdominal segment VII 0.052.  Siphunculi 0.12. Cauda 0.09, with 
14 setae. Abdominal tergite VIII with 2 setae. Sub-genital plate with 2 setae on anterior margin. 
Alate viviparae (n=1 specimen) (Figures 3.5-A, 3.9-A, 3.6-A). Color on slide and 
morphological characters: Head: Dark.  Antennal tubercles undeveloped. Antenna six-
segmented. All antennal segments dark. Only antennal segment III with secondary sensoria 
restricted to the internal margin. Rostrum reaches the metacoxae, ultimate rostral segment with 2 
accessory setae. Thorax: Coxae and trochanters dark. Femora dark except at the base. Hind tibiae 
dark throughout. Tarsi dark. Abdomen: Cauda dark, gradually tapering blunt at the tip, pale area 
½ caudal length, with 13 setae. Siphunculi dark, imbricated with reduced flange. Marginal 
sclerites dark. Pre and post-siphuncular sclerites absent. Marginal tubercles present on abdominal 
segments I and VII. Dorsal abdomen with transverse sclerites on VI, VII and VIII. Abdominal 
tergite VIII with 2 setae. Sub-genital plate dark, complete, with 2 setae on anterior part. 
Apterous oviparae (n=1 specimen) (Figure 3.10). Color on slide and morphological characters: 
Head: Dark. Antennal tubercles undeveloped. Both antenna are missing. Rostrum does not reach 
the metacoxae, ultimate rostral segment with 2 accessory setae. Thorax: Coxae and trochanters 
dark. Femora dark except at the base.  One hind tibiae dusky throughout and the other is dusky, 




pale area ½ caudal length, with 9 setae. Siphunculi dark, imbricated with reduced flange. 
Marginal sclerites  absent. Pre and post-siphuncular sclerites absent. Marginal tubercles present 
on abdominal segments I and VII. Dorsal abdomen without transverse sclerites. Abdominal 
tergite VIII with 8 setae. Sub-genital plate dark, complete, with 10 setae on anterior part. 
Biology: Biological observations were first made on roots of Plantago sp. in 2009.  
Etymology: This species is named “jonathina” after the first name of its field collector, Jonathan 
Dreagni.   
Type material: All specimens deposited in the Illinois Natural History Survey (INHS) Insect 
Collection, Urbana. Holotype: Apterous viviparous female, 510405, 44.96°N -93.15 °W, Ramsey 
county, MN, 13.VIII.2009, on Plantago sp, J. Dreagni; Paratypes: 9 apterous viviparae, 1 alate 
vivipara, 512874-512879, 44.96°N -93.15 °W, Ramsey county, MN, 20.VIII.2010, on Plantago 
sp, D. Lagos; 1 apterous viviparae, 1 apterous ovipara, 512873, 44.96°N -93.15 °W, Ramsey 
county, MN, 20.IX.2010, on Plantago sp, J. Dreagni. 
 
Morphological Description of Aphis mediaty n. sp. 
Diagnostic characters: A. mediaty is considered to be a new species because the alate viviparae 
have the following characters: antennal segment III with 9-16 secondary sensoria restricted to the 
internal margin and not tuberculate. The abdominal dorsum without sclerites. Cauda dark, 
tapering with concave sides, acute at the tip, pale area approximately 2/5 caudal length, with 10-
14 setae. Hind tibiae dark on distal half. The apterous viviparae with similar morphometrics to A. 
maidiradicis but the shape of cauda is not strongly triangular and sometimes A. mediaty has 
sclerites of variable pattern on abdominal dorsum (Figure 3.8F-G). 
Apterous vivipara (n=33 specimens) (Figures 3.7-D, 3.8E-8G). Color of aphid alive: Head, 
thorax and abdomen green yellowish (Figure 3.10-B). Antennal segments III to V pale, last 
segment dusky. Pale legs, hind tibiae dusky apically and tarsus dusky. Siphunculi and cauda 
dusky. Color on slide and morphological characters: Head: Dark. Antennal tubercles 
undeveloped. Antenna six-segmented. Antennal segments dusky. Secondary sensoria present on 
antennal segments III, IV and V. Rostrum extending to mesocoxae, ultimate rostral segment with 
2 accessory setae. Thorax: Coxae dark and trochanters dusky to dark. Femora dark except at the 




with slightly concave sides (Figure 3.8E&G are typical), pale are approximately ½ caudal length, 
with 11–16 setae. Siphunculi dark, lightly imbricated, reduced flange. Marginal sclerites dusky 
to dark. Pre-siphuncular sclerite absent and post-siphuncular may be absent or present. Marginal 
tubercles present on abdominal segments I and VII, sometimes on II, III, and IV. Dorsum of 
abdomen without sclerites or when present scattered without a pattern. Abdominal tergite VIII 
with 2 setae. Subgenital plate dusky, complete, with 2-3 anterior setae. For morphometric data 
see Table 3.2. 
Holotype: apterous viviparous female (specimen collection number 512,660 deposited at the 
Illinois Natural History Survey, Champaign, Illinois). Body 1.7. URS 0.15, accessory setae 2. 
Antennal segments: III 0.18, IV 0.12, V 0.11, B 0.09. PT 0.18. Longest hair on antennal segment 
III 0.014. Hind tibiae 0.72. HT2 0.12. Width of marginal tubercle on abdominal segment I 0.029. 
Width of marginal tubercle on abdominal segment VII 0.050.  Siphunculi 0.14. Cauda 0.13, with 
12 setae. Abdominal tergite VIII with 2 setae. Sub-genital plate with 2 setae on anterior margin. 
Alate vivipara (n=23 specimens) (Figures 3.5-D, 3.6-D, 3.9-D). Color on slide and 
morphological characters: Head: Dark.  Antennal tubercles undeveloped. Antenna six-
segmented. All antennal segments dark. Antennal segments III, IV and V with secondary 
sensoria restricted to the internal margin of antennal segment. Rostrum reaches the metacoxae, 
ultimate rostral segment with 2 accessory setae. Thorax: Coxae and trochanters dark. Femora 
dark except at the base. Hind tibiae dark on distal half. Tarsi dark. Abdomen: Cauda dark, 
tapering with concave sides, acute at the tip, pale area approximately 2/5 caudal length, with 10-
14 setae. Siphunculi dark, imbricated with reduced flange. Marginal sclerites dark. Pre-
siphuncular sclerite absent. Post-siphuncular sclerite dark. Marginal tubercles present on 
abdominal segments I and VII, and sometimes on II, III, and/or IV. Dorsal abdomen with 
transverse sclerites on VI, VII and VIII. Abdominal tergite VIII with 2 setae. Sub-genital plate 
dark, complete, with 2-5 setae on anterior part. 
Biology: First specimens were found in samples from the Midwest suction traps network 
(http://www.ncipmc.org/traps/). Biological observations were first made on roots of Taraxacum  
officinale in 2011.  
Etymology: This species is named mediaty because its morphological characters are in between 




Type material: All specimens deposited in the Illinois Natural History Survey (INHS) Insect 
Collection, Urbana. Holotype: Apterous viviparous female, 512,660, Michigan State University, 
42.7197°N -84.4221°W, Ingham county, MI, 12.VIII.2011, on Taraxacum officinale, D. 
Voegtlin; Paratypes: 17 alate viviparae, 44 apterous viviparae, 512,647-512,671, Michigan State 
University, 42.7197°N -84.4221°W, Ingham county, MI, 12.VIII.2011, on Taraxacum officinale, 
D. Voegtlin; 1 alate viviparae, 237,209, South Campus, Purdue University, West Lafayette, 
40.4153°N -86.9185°W, Tippecanoe county, IN, 24.06.05, suction trap; 1 alate viviparae, 
237,202, Lancaster Agricultural Research Station, 42.833°N -90.783°W, Grant county, WI, 
24.06.05, suction trap; 1 alate viviparae, 237,203, Lancaster Agricultural Research Station, 
42.833°N -90.783°W, Grant county, WI, 15.07.05, suction trap; 1 alate viviparae, 237,204, 
Lancaster Agricultural Research Station, 42.833°N -90.783°W, Grant county, WI, 15.07.05, 
suction trap; 1 alate viviparae, 511,970, Rosemount Experimental Station, University of 
Minnesota, 44.705°N -93.101°W, Dakota county, MN, 01.07.11, suction trap; 1 alate viviparae, 
511,971, Northern Research & Demonstration Farm, Iowa State University, 42.935°N -
92.572°W, Floyd county, IA, 08.07.11, suction trap; 1 alate viviparae, 511,972, Rosemount Exp. 
Station, University of Minnesota, 44.705°N -93.101°W, Dakota county, MN, 27.07.10, suction 
trap; 1 alate viviparae, 511,974, Arlington Research Station, University of Wisconsin, 43.300°N 
-89.350°W, Columbia county, WI, 06.08.10, suction trap; 1 alate viviparae, 511,975, Northern 
Research & Demonstration Farm, Iowa State University, 42.935°N -92.572°W, Floyd county, 
IA, 12.08.11, suction trap; 1 alate viviparae, 511,977, Northern Purdue Agriculture Center, 
Columbia city, 41.1051°N -85.3876°W, Whitley county, IN, 23.08.10, suction trap; 1 alate 
viviparae, 511,978, Northern Purdue Agriculture Center, Columbia city, 41.1051°N -85.3876°W, 
Whitley county, IN, 23.08.10, suction trap.  
 
K ey to the alate viviparae of Aphis related to A . middletonii complex 
1. Longest seta on antennal segment III 0.026-0.039. Secondary sensoria on antennal segments: 
III (15-27), IV (7-15) and V (4-12) (Figure 3.5-B). Ratio of length of processus terminalis to 
the base of last antennal segment 1.3-1.9. Hind tibiae dusky to dark throughout (Figure 3.6-B). 
Cauda dark, tapering with concave sides and bluntly rounded tip, pale area with 




0.18) with reduced flange (Figures 3.8B-C and 3.9-B). Ratio of the length of siphunculi to the 
length of cauda 1-1.3. On Taraxacum, Achillea and Zea mays …………….......... A. knowltoni  
-   Longest seta on III shorter than 0.020……………………………………………….…………2  
2. Hind tibiae dusky, dark near basal tip (Figure 3.6-C). Secondary sensoria on antennal segment 
III: 4-9. Longest seta on antennal segment III 0.007-0.012. Range of ratio of length of 
processus terminalis to the base of last antennal segment 1.6-2.8 (Figure 3.5-C). Cauda dark, 
slightly tapering with bluntly rounded tip, pale area approximately ½ caudal length, with 10-
19 setae, length 0.08-0.11. Siphunculi short (0.11-0.16) with reduced flange (Figures 3.8-D 
and 3.9-C). Ratio of the length of siphunculi to the length of cauda 1.2-1.5. Polyphagous 
…………………………………………………….....……………………...…. A. maidiradicis 
-   Hind tibiae dark on distal half or throughout ….……………………………..........…………. 3 
3. Hind tibiae dark on distal half (Figure 3.6-D). Secondary sensoria on antennal segment III 9-
16 restricted to the internal margin of antennal segments. Longest seta on antennal segment III 
0.010-0.015. Ratio of length of processus terminalis to the base of last antennal segment 1.8-
2.2. Cauda dark, tapering with concave sides, acute at the tip, pale area approximately 2/5 
caudal length, with 10-14 setae, length 0.10-0.12. Siphunculi short (0.09-0.16) with reduced 
flange (Figures 3.8E-G and 3.9-D). Ratio of the length of siphunculi to the length of cauda 
0.9-1.5. On Taraxacum officinale……………………………………………. A. mediaty n. sp. 
-   Hind tibiae dark throughout........………………………………………………………………4 
4. Cauda dark, tapering with concave sides and bluntly rounded tip, pale area with approximately 
½ caudal length, with 10-18 setae, length 0.11-0.16. Polyphagous. Figure 3.9E 
…..……………………………………………………...………..…......……….. A. middletonii 
-   Cauda dark, gradually tapering blunt at the tip, pale area ½ caudal length, with 13 setae, length 
0.10. On Plantago spp. Figure 3.9-A……………..…………….………….. A. jonathina n. sp. 
 
Phylogeny  
A total of 131 COI sequences (Appendix N) that represents 36 taxa, and 82 EF1- 
sequences (Appendix O) that represents 32 taxa were used in this study. The phylogeny of the 
Midwest A. middletonii complex using COI sequences is congruent. COI was the only gene that 
could be sequenced from A. maidiradicis. Figure 3.2 shows a phylogenetic tree constructed using 




mediaty and A. middletonii obtained by Bayesian analysis and Bootstrap Maximum Parsimony 
(Appendix H) (clade A:PP/BMP:0.84/81). Within clade A the multiple collections of A. 
maidiradicis, A. mediaty and A. jonathina are grouped in Clade B with strong support (PP:0.87) 
as well A. middletonii (Clade C:PP/BMP:1.00/79). On the other hand, the phylogenetic tree 
constructed using EF1- sequences (Figure 3.3) supports the monophyly of A. middletonii 
species complex and included A. debilicornis (Clade A, PP/BMP:0.92/84) (excluding A. 
maidiradicis because the EF1- could not be sequenced). Clade B that contains samples of A. 
middletonii collected in Utah, Wyoming and Iowa, and A. jonathina collected in Minnesota is 
strongly supported by MrBayes and Bootstrap Maximum Parsimony (Appendix I) (PP/BMP: 
1.00/87). Furthermore, the phylogeny obtained with combined data sets of COI and EF1-, and 
morphological characters (Figure 3.4) are congruent with the results obtained by EF1-.  
COI sequences genetic pairwise divergences (Table 3.6) between A. debilicornis and A. 
jonathina, A. maidiradicis, A. mediaty and A. middletonii are 1.86-1.88, 1.70-1.86, 1.70-1.80 and 
1.70-1.86 respectively. Pairwise comparisons using EF1- between A. debilicornis and A. 
jonathina, A. mediaty, and A. middletonii are 0.64, 0.54-0.86 and 0.54-0.75 respectively.  
Interestingly, the pairwise comparisons using COI gene does not resolve the identity of the 
cryptic A. jonathina, A. maidiradicis, A. mediaty and A. middletonii. The pairwise comparisons 
between A. jonathina and A. maidiradicis, A. mediaty and A. middletonii are 0.15-0.63, 0.15-0.48 
and 0.15-0.39; the genetic divergences of A. maidiradicis with A. mediaty and A. middletonii are 
0.00-0.79 and 0.00-0.70; the pairwise comparison between A. mediaty and A. middltonii is 0.15-
0.55. The pairwise comparison using EF1- shows a lower range of genetic divergence of A. 
debilicornis with the A. middletonii complex species (Table 3.6) and higher values for some 
species such as: A. jonathina with A. mediaty 0.53-0.85, and A. mediaty with A. middletonii 0.43 
-0.096 than for COI.   
 
DISC USSI O N 
The apterous viviparae of A. maidiradicis, A. mediaty and A. middletonii are difficult to 
differentiate and the morphological characters overlap greatly. Although, there are some 
morphological characters in alate viviparae that are useful to differentiate these species. These 
morphological characters are the number of secondary sensoria on antennal segment III of alata 




(Figure 3.6). The number of secondary sensoria on antennal segment III of alate viviparae of A. 
maidiradicis, and the shape of cauda of apterous viviparae are congruent with those described by 
Hottes & Frison (1931), Gillette & Palmer (1931), Palmer (1952) and Stoetzel et al. (1996). 
Interestingly previous morphological revisions do not mention the color pattern of hind tibiae 
that is consistent and useful to differentiate A. jonathina, A. maidiradicis, A. mediaty and A. 
middletonii.  
My molecular results showed that EF1- is more useful to discriminate between A. 
mediaty and A. middletonii. COI is known for not being useful to differentiate cryptic species 
(Hung et al. 1999, Nadler 2002, Cognato 2006, Foottit et al. 2008). Carletto et al. (2009a) used 
sodium channel para-type to discriminate between the sibling species A. gossypii and A. 
frangulae, and this gene was used successfully to differentiate species in the A. gossypii complex 
in the Midwest (Chapter 2). However, my efforts to sequence samples of A. middletonii species 
complex with the primers provided by Carletto et al. (2009b) were unsuccessful. Maybe other 
variable regions might be useful such as partial tRNA leucine + cytochrome c oxydase II 
(tRNA/COII) used by Kim et al. (2010a) to identify species of Aphis on Rhamnus davurica.  
Aphis middletonii meets the diagnostic characters described for A. armoraciae by Cowen 
ex Gillette & Baker (1895) and was misidentified by Thomas in 1879 (Palmer 1952).  Aphis 
armoraciae Gillette & Baker 1895 is A. middletonii Thomas 1879. This may create confusion 
because Eastop & Blackman (2005) synonymyzed all (excluding A. knowltoni) root aphids from 
USA as A. middletonii. Interestingly, A. middletonii was known as exclusive root feeder (Gillette 
& Palmer 1931, Palmer 1952 and Knowlton 1983) but I collected this species in the West of 
USA on roots and aerial parts of its host plants (Table 3.1).  
 
C O N C L USI O NS 
The monophyly of the Midwest A. middletonii species complex (A. jonathina n.sp., A. 
maidiradicis, A. mediaty n. sp. and A. middletonii) is supported by molecular (COI and EF1- 
sequences) and combined data sets of molecular and morphological characters. The COI 
pairwise genetic divergences to identify these species are not useful. The morphological 






C H APT E R 4: M O L E C U L A R , M O RPH O L O G I C A L A ND BI O L O G I C A L E V A L U A T I O N 
O F T H E APH IS ASCL EPIADIS F I T C H (H E M IPT E R A : APH IDID A E) SPE C I ES 
C O MPL E X IN T H E M ID W EST E RN UNI T E D ST A T ES 
 
A BST R A C T 
The members of the asclepiadis group form a monophyletic clade strongly supported by 
COI, EF1-, Buch16S, and the combined data sets of molecular and morphological characters. 
Most of the members of this group are native species (A. asclepiadis, A. cornifoliae, A. decepta, 
A. impatientis, A. neogillettei, A. nigratibialis, A. saniculae, A. thaspii and A. viburniphila) and 
are related to the exotic species, A. salicariae. Molecular, morphological and biological work 
shows that A. asclepiadis Fitch, 1851 is a senior synonym of A. helianthi Monell 1879. 
Morphological characterization of sexual morphs is useful to differentiate species that feed on 
the same primary host plant.  
 
IN T R O DU C T I O N 
Communication about living organisms is completely dependent on attaching information 
to a name. Journal articles ranging from the molecular to behavioral and ecological all cite a 
source or species name (Isaac et al. 2004, Balakrishnan 2005). Historically the majority of 
species has been named and described using morphological characters. As the science of 
taxonomy progressed, it became clear that species needed to be defined using additional 
characters (Rosen 1986, Bickford et al. 2006). However, delimitation is a complex concept that 
should involve morphological characterization, measures of genetic structure, and available 
biological and ecological information. 
The evolution of the genus Aphis, a complex and speciose group of the family Aphididae, 
is associated with the rapid radiation and diversification of herbaceous angiosperms (Heie 1996). 
This has provided aphids with ideal conditions for reproductive isolation and has resulted in the 
development of species complexes within Aphis. Reproductive isolation can produce cryptic 
species (Muller 1981, Berlocher & Feder 2002, Carletto et al. 2009). Cryptic species are difficult 
to separate morphologically (Bickford et al. 2006), are hard to distinguish through phylogenetic 
studies (Smith et al. 2008), are often reproductively compatible (to some degree) and may not 




main characters used to identify members of species complexes. Within species complexes life 
cycle patterns can vary and in aphids these can be both simple and complex. The reproductive 
patterns within Aphis include seasonally induced asexual and sexual reproduction.  When the 
aphid’s complete life cycle is on the same host plant it is monoecious, and when it uses 
secondary and primary hosts to complete its life cycle it is heteroecious.  This host alternation 
has been one of the main sources of erroneous identification of aphids, especially since the 
aphids migrate between two groups of plants that are botanically distant. (Eastop 1971, Dixon 
1973). 
This research is about a group of species that will be referred to as the A. asclepiadis 
group and has in it mostly native species that are taxonomically problematic. 
Aphis asclepiadis Fitch is considered a cryptic species of A. helianthi Monell, and they 
are only differentiated based on their host plant association (Blackman & Eastop 2006). Aphis 
asclepiadis lives on species of milkweeds (Family Asclepiadaciae) while A. helianthi is highly 
polyphagous.  The later has been synonymyzed, using morphological similarities and host plant 
association, with A. oxybaphi and A. yuccae (Palmer 1952) and with A. heraclella (Addicot 
1981). In their key to the Aphis of Manitoba, Rojanavongse & Robinson (1977) separated A. 
heraclella, A. helianthi and A. asclepiadis only by the host on which the aphid was feeding.  
Such a key is of no use in separating trap collected winged aphids. Currently, there is a 
controversy of citing A. carduella Walsh 1869 as senior synonym of A. helianthi Monell. 
Remaudière & Remaudière (1997) and Blackman & Eastop (2006) kept A. helianthi because of 
its multiple literature citations and common usage.  
The other species in this group in the Midwest are relatively host specific compared to 
the current A. helianthi. Aphis cornifoliae is a monoecious Cornus spp feeder (Fitch 1851), A. 
decepta is genus specific to Pastinaca and Heracleum (Hottes & Frison 1931), A. impatientis 
feeds on Impatiens spp (Thomas 1878), but interestingly its host plant is annual and there is not 
much known about its life cycle.  Aphis neogillettei is a monoecious Cornus spp feeder (Palmer 
1938), A. saniculae feeds on Zizia spp and Cicuta (Wiliam 1911), A. thaspii feeds on Cicuta 
maculata, Sanicula sp., Thaspium spp. and Zizia aurea (Oestlund 1887, Blackman & Eastop 
2006). Aphis viburniphila is a monoecious feeder of Viburnum spp (Patch 1917), and the exotic 
A. salicariae whose host alternate between Cornus spp and Epilobium spp (Koch 1855, 




The objectives of this chapter are to test the congruence of molecular with morphological 
characterization of Aphis species found in the Midwest related to A. asclepiadis and to test the 
usefulness of variations in life cycle and biology of aphids to discriminate cryptic species. 
 
M A T E RI A LS A ND M E T H O DS 
 
Aphid samples 
 Aphids were collected from their primary and/or secondary host plants from different sites 
within the USA, Madagascar, France, and Japan with the majority of the material coming from 
the Midwest. When possible, aphids were collected alive and held on the host plant for the 
maturation of late instar nymphs. Adults were preserved in 95% ethanol and stored in a 
refrigerator freezer until used either to make archival microscope slides or used for the extraction 
of DNA samples. Macrophotographs were taken in situ for many of the species that were 
collected.  In addition specimens were obtained from the Midwest suction trap network that 
operated in 10 states beginning mid-May with weekly samples through end of October. 
Collection data information with INHS collection number voucher of sequenced samples is 
presented in Table 4.1. 
 
Morphometrics 
 Archival microscope slides were prepared using the technique described in Lagos (2007). 
Photographs of the mounted specimens were taken using a Leica DM 2000 digital camera and 
SPOT Software 4.6 (Diagnostic Instruments, Inc.).  This software was used to take all the 
measurements for this study. All measurements are in millimeters. Morphological characters 
examined are: length of ultimate rostrum segment (URS); number of accessory setae of URS; the 
ratio of last antennal segment; length of the processus terminalis (Pt); length of last antennal 
segment (B); length of longest seta on antennal segment III (LHIII); number of secondary 
sensoria of the antennal segments III, IV, and V; width of marginal tubercle on abdominal 
segment I (WTI) and on abdominal segment VII (WTVII); length of siphunculus (SIPH); length 
of cauda (CA); number of setae on abdominal tergite VIII; number of setae on anterior margin of 




length of second segment of hind tarsus (HT2); dorsal abdominal sclerites; pre and post-
siphuncular sclerites; color pattern of hind coxa, trochanter, hind tibia, siphunculus and cauda.  
A data matrix of 27 taxa (including outgroups) was assembled with 41 morphological 
characters and respective characters states of alate and apterous viviparae (listed in Appendix A 
and Table 1.1 collection information) using Mesquite 2.71 (Maddison and Maddison 2009). 
UPGMA (Unweighted Pair Group Method with Arithmetic Mean) of this morphological data 
was performed using PAUP 4.0b10 (Swofford 2001) with default set up. All the characters were 
treated as unordered and equally weighted. Additional ANOVA analyses for diagnostic 
characters such as number of pseudosensoria on hind tibiae of oviparae was run using JMP, 
Version 7. SAS Institute Inc., Cary, NC, 1989-2007. 
 
DN A extraction, amplification and sequencing 
Two or three specimens per sample were sequenced of 28 taxa. DNA was extracted from aphid 
specimens stored in 95% ethanol at 4ºC. Individual specimens were crushed in a 1.5 ml 
microcentrifuge tube and DNA was purified using the QIAamp DNAmicrokit (QIAGEN Inc., 
Valencia, CA).  The mitochondrial gene Cytochrome Oxidase I (COI) was amplified in two 
overlapping fragments, using the forward primer C1-J-1718 (Simon et al. 1994) and internal 
reverse primer C1-J-2411 (5’-ACTCCTGTTAATCCTCCAATTGTAAA-3’), and the internal 
forward primer C1-N-2509 (5’-TCAGCWACTATAATYATTGCWATYCC-3’) and reverse 
primer TL2-N-3014 (Simon et al. 1994). To amplify the nuclear gene Elongation Factor 1- 
(EF1-) the following primers were used: EF3F (5’-CTAYGTCACCATMATTGAYGC-3’) and 
EF2 (Palumbi 1996). The F and R primers were synthesized by Invitrogen™ Corporation 
(Carlsbad, CA). The following procedure was performed to amplify both genes: PCR products 
were generated using PuReTaq™ Ready-To-Go™ PCR 0.2 ml beads (GE Healthcare UK) mixed 
with 20 l of PCR-grade water, 1 l of F and R primers at 10 M and 3 l of genomic DNA. 
The PCR protocol used to amplify COI and EF1- was as follows: two minutes for an initial 
denaturation at 95 °C followed by 40 cycles of 95 °C for 30 s, annealing of 53 °C for 30 s, and 
extension at 72 °C for 120 s. PCR products were visualized in a 1% agarose gel, stained with 
GelGreen nucleic acid stain and run for 40 min at 90 v. The majority of PCR products were 
purified using QIAquick® (QIAGEN Inc.) kit. PCR products that included the co-amplification 




Research, USA). The DNA concentration of PCR products was measured using a NanoDrop® 
ND-1000 spectrophotometer (Thermo Fisher Scientific, Wilmington, DE). PCR products were 
sequenced using 3 ul of a mixture of BigDye® Terminator v3.1, dGTPBigDye Terminator v3.0, 
and buffer in a ratio of 2:1:1 respectively, 1.6 l of 2 M F or R primers, differing amounts of 
DNA, and 1 l of dimethyl sulfoxide (DMSO) (SIGMA-ALDRICH®, St Louis, MO). 
Sequencing reactions were run using the following protocol: 96 °C 2 min (95 °C 20 s; 50 °C 5 s; 
60 °C 240 s) 25x. Sequencing reactions were cleaned using Performa® DTR Ultra 96-Well Plates 
(EdgeBioSystems, Gaithersburg, MD) and run on ABI 3730 at the Keck Center (University of 
Illinois at Urbana-Champaign). To sequence the gene Buchnera 16S rDNA (Buch16S; primary 
endosymbiont) the Buch16S1F and Buch16SR primers were used (Tsuchida et al. 2002). The 
PCR protocol was the same used to amplify and sequence COI and EF1- except with a different 
annealing temperature, which was 56 °C. Raw sequence data were analyzed using Sequencher 
4.7 (Gene Codes Corporation, Ann Arbor, MI). DNA sequences were aligned with Clustal X 
(version 2.0, 2007; Larkin et al. 2007), and examined by eye for additional corrections. 
 
Phylogenetic analyses 
Single sets of gene sequences were run using Maximum Parsimony (MP) PAUP 4.0b10 
(Swofford 2001) with the following set up of heuristic search: 1000 random additions and 10 
trees were held at each replicate. Tree bisection reconnection (TBR) was selected as an option of 
branch swapping algorithm. In addition all the characters were treated as unordered and equally 
weighted. The bootstrap analysis was conducted using 1000 replicates and a maxtree setting of 
100 trees. Modeltest 3.7 (Posada and Crandall 1998) was used to select the best-fit nucleotide 
substitution. MrBayes 3.1.2 (Huelsenbeck & Ronquist 2003) was used to execute the Bayesian 
analyses. The data for combined analyses were partitioned into COI, EF1- and morphological 
data. For single and combined analyses four chains were run. The number of generations was 
5,000,000 and frequency sampling of 100 generations with rates equal to variable gamma as a 








R ESU L TS 
Morphological analyses  
The morphological assessment presented in Figure 4.1 (clade A) shows that the following 
species belong to the asclepiadis group: A. asclepiadis, A. cornifoliae, A. decepta, A. 
illinoisensis, A. impatientis, A. neogillettei, A. nigratibialis, A. salicariae, A. saniculae, A. thaspii 
and A. viburniphila.  
 
Phylogenetic analysis 
A total of 136 COI sequences (Appendix N) that represents 26 taxa, 95 EF1- sequences 
(Appendix O) that represents 24 taxa, and 89 Buchnera 16S sequences (Appendix M) that 
represents 20 taxa were used in this study. 
The phylogenetic analyses of COI and EF1- (Figures 4.2 and 4.3) sequences are 
congruent with morphological data and highly supported the relationship of the species 
mentioned above except for A. illinoisensis. In Figure 4.2, clade A shows a high support of the 
asclepiadis group (PP/BMP:0.99/77). Within this group there are multiple species complexes 
included in clade B and clade G. Clade B, highly supported by MrBayes and Bootstrap 
Maximum Parsimony (Appendix J) (PP/BMP:0.99/0.92) contains the A. asclepiadis complex, 
which shows the strong relationship of this species collected on multiple host plants with A. 
nigratibialis (Clade D: PP/BMP:1.00/100).  The A. neogillettei complex, which has two 
morphologically similar species, A. neogillettei (Clade E:PP/BMP:1.00/99) and A. salicariae, 
that are molecularly closely related to A. viburniphila.  The A. saniculae complex includes two 
species morphologically similar that feed on the same host plant, Zizia aurea and the support for 
this relationship is high (Clade F: PP/BMP: 0.96/99). Finally, the A. impatientis complex 
included in clade G contains the natives A. cornifoliae and A. impatientis and this is highly 
supported by MrBayes and Bootstrap Maximum Parsimony (PP/BMP:1.00/100). The 
phylogenetic analyses of EF1- is shown in Figure 4.3 (MrBayes topology) and reveals a closer 
relationship of species among multiple Aphis complexes than the analyses of COI sequences. 
Bootstrap Maximum Parsimony values are presented in Appendix K. The asclepiadis group is 
strongly supported in clade A (PP/BMP: 1.00/95). All the samples of A. asclepiadis are grouped 
with A. saniculae, A. thaspii and A. decepta in clade B that is only supported by MrBayes 




collected on different host plants: Cornus spp and Impatiens spp. Interestingly, this phylogenetic 
tree and support values are congruent with the phylogenetic tree built with Buchnera 16S 
sequences (Figure 4.4) except that in A. nigratibialis this gene was not sequenced. Bootstrap 
Maximum Parsimony values are presented in Appendix L. Furthermore, the phylogenetic 
analyses of combined COI and EF1- sequences with morphological characters (Figure 4.5) is 
congruent with the results obtained using COI sequences. Most of the clades of Aphis complexes 
in the asclepiadis group are supported by the highest values of MrBayes except clade G (PP: 75) 
that shows the relationship of A. saniculae and A. thaspii.  
 
Aphis asclepiadis complex 
Multiple collections of aphids  from hosts in the Asteraceae and Apiaceae assumed to be 
A. helianthi and those aphids from Asclepias and Apocynum (Asclepiadaceae and Apocynaceae) 
that are assumed to be A. asclepiadis have been analyzed (Table 4.1).  Their morphological 
characters match the diagnostic characters for both A. helianthi or A. asclepiadis. This overlap in 
morphological characters has led to the identification of the two species by the host plant on 
which they have been collected.  Results of molecular data (COI and EF1-) showed that the 
range of sequence divergences of these two species is high: 0.00-0.73 and 0.00-0.87 respectively 
(Table 4.4). Additional biological observations were made to identify more characters to 
distinguish these species without success. Aphids found on Asclepias, putative A. asclepiadis, 
were transferred to sunflower, Helianthus annus, and Pastinaca sativa and fed on these hosts 
satisfactorily. Specimens from these transfers are deposited in INHS Insect Collection: 512881-
512890.  
 I also found a close relationship between the cosmopolitan, A. asclepiadis, and the 
western species, A. nigratibialis that feeds exclusively on Cornus spp. There is low sequence 
divergences for COI and EF1- data: 0.15-0.73 and 0.54-1.09 respectively (Table 4.4), and 
multiple morphological characters are useful to discriminate between them. The alate viviparae 
of A. asclepiadis have secondary sensoria restricted to antennal segment III (Figure 4.8-A) and 
pale hind tibia darkening distally (Figure 4.6-A) in contrast A. nigratibialis has secondary 
sensoria on antennal segments III and IV (Figure 4.8-F) and has dark hind tibia throughout 





Aphis complexes within the A . asclepiadis group 
The A. neogillettei complex includes two species A. neogillettei and A. salicariae. These 
two species are morphologically similar and many taxonomists in the past were tempted to treat 
these species as synonymous since both uses Cornus spp as primary host plant. My results show 
that COI and EF1- genetic pairwise comparisons across populations of A. neogillettei and the 
European, A. salicariae is 3.33-3.41 and 1.31 respectively (Table 4.4). In addition, 
morphologically they are differentiated by the presence or absence of dorsal sclerites on 
abdomen and pre-siphuncular sclerites: in A. salicariae these characters are present but in A. 
neogillettei they are absent (Figure 4.9). 
The A. saniculae complex includes two species that share the same host plant, Zizia spp., 
A. saniculae and A. thaspii. Aphis saniculae can be misidentified as A. thaspii because of the 
their morphological similarities of the alatae. The antenna of apterous morphs of A. saniculae has 
secondary sensoria, in contrary to the antenna of apterous morphs of A. thaspii, which lack of 
secondary sensoria (Figure 4.7: H-I). The marginal tubercles on abdominal segments I and VII in 
A. thaspii are bigger than in A. saniculae (Table 4.3). In addition, the living color of the apterous 
and alate viviparae is distinct: A. saniculae is golden yellow and the apterous viviparae of A. 
thaspii has brownish head and waxy dark green abdomen (Figure 4.12) Finally, the genetic 
pairwise divergences of COI and EF1- sequences between these species are 0.77-0.78 and 1.52 
respectively (Table 4.4).  
The A. impatientis complex morphologically includes two species A. cornifoliae and A. 
impatientis. The genetic pairwise comparisons between A. cornifoliae and Aphis impatientis 
from COI and EF1- sequences are 1.24-1.39 and 1.41-1.62 respectively (Table 4.4). This 
molecular distance is supported by some distinct morphological characters as well. In apterous 
and alate viviparae, there are differences in the length of longest seta on antennal segment III, 
width of marginal tubercles on abdominal segments I and VII, shape of siphunculi and cauda and 
presence of pre-siphuncular sclerites (Table 4.3, Figures 4.7, 4.8 and 4.9). In A. cornifoliae, the 
mean length of longest seta on antennal segment III for apterae and alata are 0.012 and 0.010 
respectively (Figure 4.7-B), the mean width of marginal tubercle on abdominal segment I for 
apterae and alata is 0.022 and 0.019 respectively, and the mean width of marginal tubercle on 
abdominal segment VII either for apterae and alata is 0.024. In both morphs the shape of 




and the pre-siphuncular sclerite is present. In A. impatientis, the mean length of longest seta on 
antennal segment III for apterae and alata 0.008 and 0.007 respectively (Figure 4.7-D), the mean 
width of marginal tubercle on abdominal segment I for apterae and alata is 0.011 and 0.010 
respectively, and the mean width of marginal tubercle on abdominal segment VII for apterae and 
alata is 0.017 and 0.015 respectively.  In both morphs the siphunculi is not strongly curved 
outwards, the cauda is tapering (Figure 4.9-H), and the pre-siphuncular sclerite is absent.   
Through molecular results (Table 4.4) and morphological analyses I found that the 
previously unknown primary host of A. impatientis is Cornus spp (see Table 4.1 for detailed 
collection information).  
 
Description of sexual morphs of A . impatientis  
Apterous ovipara (n= 8) (Table 4.3, Figures 4.10-E and 4.11-A). Color on slide and 
morphological characters: Head: Dusky without frontal setae. Antennal tubercle undeveloped. 
Antennae five-segmented, shorter than body. Antennal segments dusky. Rostrum reaches 
mesocoxae, ultimate segment with 2 accessory setae. Thorax: Coxae dusky. Trochanters pale. 
Fore femora pale throughout, mid and fore femora dusky except at base. Tibia pale throughout. 
Tarsi dusky. Hind tibia without pseudosensoria. Abdomen: Siphunculi dusky, strongly curved 
outwards with reduced flange. Cauda dusky, oblong and pointed, 5-6 setae. Pre-siphuncular and 
post-siphuncular sclerites absent. Marginal tubercles present only on abdominal segments I and 
VII. Marginal tubercles absent from abdominal segments II, III, and IV. Dorsum of abdomen 
without sclerites. Abdominal tergite VIII with 2 setae. Sub-genital plate dark, divided, with 2-4 
setae on anterior part.  
Alate male (n=3) (Table 4.3 and Figure 4.10-D). Color on slide and morphological characters: 
Head: Head: Dark without frontal setae. Antennal tubercle undeveloped. Antennae six-
segmented, shorter than body. Antennae with secondary rhinaria scattered on segments III, IV, 
and V. Antennal segments dusky. Rostrum reaches mesocoxae, ultimate segment with 2 
accessory setae. Thorax: Coxae dusky. Trochanters pale. Fore femora pale throughout, mid and 
fore femora dusky except at base. Tibia pale, darkening near distal tip. Tarsi dusky. Abdomen: 
Siphunculi short and slightly curved outwards. Cauda dusky, oblong and pointed with 6 setae. 
Marginal tubercles present only on abdominal segments I and VII. Male genitalia dark with 2 




Differentiation of sexual morphs of some species within this group 
In A. neogillettei, the apterous oviparae (Figure 4.10-A) has few sensoria on the hind 
tibiae (Figure 4.11-B) and the apterous male has secondary sensoria apically on segment III 
(Figure 4.10-B). The apterous oviparae of A. nigratibialis (Figure 4.10-C) has many sensoria on 
the hind tibiae (Figure 4.11-C). In A. impatientis the males are winged with many secondary 
sensoria on antennal segments III, IV and V, and the oviparae are apterous (Figure 4.11-E) with 
hind tibiae without pseudosensoria and not swollen (Figure 4.11-A). The differences among the 
means of sensoria on hind tibia of the species mentioned above are statistically significant 
(Figure 4.13 and Table 4.5, F ratio=691.3, df=2, P<0.001). 
 
K ey to apterous viviparae of Aphis asclepiadis group 
1. Subgenital plate complete……………………………………………….………………….… 2 
-   Subgenital plate divided on anterior half…….………………………………………….……. 5 
2. Antennal segment III with ()secondary sensoria. None on antennal segments IV and V. Pt/B 1-
1.5. URS/HT2 1.1-1.2. Length of longest seta on antennal segment III 0.056–0.081. Shape of 
cauda parallel side and blunt. SIPH/CA 1.4-1.5. On Viburnum spp………...…. A. viburniphila 
-   Antennal segment III without secondary sensoria.…………………...……………………….. 3 
3. Length of longest seta on antennal segment III shorter than 0.030. Pt/B 2.3-2.8. URS/HT2 0.9-
1.1. Cauda with parallel sides with constriction near base, blunt and relatively short. SIPH/CA 
1.2-1.8. On Cicuta maculata, Thaspium spp., Sanicula spp. and Zizia spp (Figure 4.12-
B).…………………………………………….…………….…………….…..……..... A. thaspii 
-   Length of longest seta on antennal segment III longer than 0.030…………………….……… 4 
4. Length of longest seta on antennal segment III 00.036-0.077. Pt/B 1.1-2.1. URS/HT2 0.8-1.0. 
SIPH/CA 1.3-1.8. On Cornus spp.………….……………………………...……. A. neogillettei 
-   Length of longest seta on antennal segment III longer than 0.040. Pt/B 1.8-2.3. URS/HT2 0.9-
1.0. SIPH/CA 1.3-1.8. On Cornus spp. and Epilobium spp.……............................ A. salicariae 
5. Hind tibia dark throughout. Pt/B 2.5. URS/HT2 0.9. SIPH/CA 1.9. On Cornus spp 
…………………………………………………………………………………...A. nigratibialis 
-   Hind tibia pale or dusky, darkening near distal tip …………...………………….……….…. 6 
6.   Siphunculi cylindrical and straight……………………………………………..….………… 7 




7.   Secondary sensoria on antennal segments III (3-24), IV (3-12) and V (1-6). On III, secondary 
sensoria restricted to the distal half distal, scattered on IV and V. Pt/B 1.9-2.4. URS/HT2 0.8-
1.1. Length of longest seta on antennal segment III 0.012-0.021. All coxae and trochanters 
are pale. Siphunculi and cauda dark. Shape of cauda tapering. SIPH/CA 1.4–1.9. On Zizia 
spp. and Cicuta maculata (Figure 4.12-A)……...................................................... A. saniculae 
-    Antennal segment III without secondary sensoria.......................…...…………………...…… 8 
8.  Ultimate rostral segment with 3-5 accessory setae. Pt/B 2.5–3.6. URS/HT2 1–1.2. Shape of 
cauda is nearly parallel side with slight constriction near the base, blunt and relatively short. 
SIPH/CA 1.7–2.8. On Pastinaca sativa and Heracleum maximum……..……....…. A. decepta 
-    Ultimate rostral segment with 2 accessory setae………………………………………...…….9 
9.  Length of ultimate rostral segment longer than 0.09. Length of ultimate rostral segment longer 
than 0.09-0.13. Length of longest seta on antennal segment III shorter than 0.040. Pt/B 1.6–
2.2. URS/HT2 0.8–1.0. Shape of cauda tapering. SIPH/CA 1.2-1.9. Polyphagous and primary 
host, Cornus spp…….…………………………………….……………………. A. asclepiadis 
-    Length of ultimate rostral segment less than 0.09…….…………………...…………........... 10 
10. The first antennal segment is dusky, and the other segments pale or slightly dusky. Length of 
longest seta on antennal segment III 0.007-0.016. Width of marginal tubercle on abdominal 
segment I 0.013-0.029, width of marginal tubercle on abdominal segment VII 0.020-0.029. 
SIPH/CA 1.2-2.0.  This aphid feeds on Cornus spp…...………………..……… A. cornifoliae 
-    The first, second and last antennal segments are dusky or dark, and the other segments are 
pale or slightly dusky. Length of longest seta on antennal segment III 0.006-0.011. Length of 
ultimate rostral segment longer than 0.07-0.09. Width of marginal tubercle on abdominal 
segment I 0.005-0.020, width of marginal tubercle on abdominal segment VII 0.013-0.027. 
SIPH/CA 0.9-1.4. This aphid feeds on Impatiens spp and Cornus spp……….... A. impatientis 
 
K ey to alate viviparae of Aphis asclepiadis group 
1.  Subgenital plate divided on anterior half and hind tibia dark throughout. Secondary sensoria 
on antennal segments III (28-37) and IV(5-12). Pt/B 1.8-3.1. Length of longest seta on 
antennal segment III 0.023-0.034. Ultimate rostral segment 2-3 accesory setae URS/HT2 0.8-
1.3. Width of the marginal tubercle on abdominal segment I 0.026-0.035. Width of the 




dusky or dark. Siphunculi and cauda dark. Shape of siphunculi cylindrical and straight. Shape 
of cauda oblong, pointed and constricted in the middle. Cauda 8-9 setae. SIPH/CA 1.3-
1.7.……………………...………..…. ……………………………….….....…. A. nigratibialis 
-   Subgenital plate divided on anterior half and hind tibia pale or dusky, darkening near distal 
tip………………………………………………………………………….…………………. 2 
2.  Secondary sensoria scattered…………………………………………….……..……...…..…. 3 
-    Secondary sensoria restricted to internal margin or in a row …………………….………….. 7 
3.  Secondary sensoria restricted to antennal segment III….………………...……………...…… 4 
-    Secondary sensoria on all antennal segments…………………………...……………….....… 5 
4.  Antennal segment III with 14-31 secondary sensoria. Pt/B 1.8-3.1. Length of longest seta on 
third segment antennal 0.010-0.038. Ultimate rostral segment 2 accesory setae. URS/HT2 
0.9-1.3. Width of the marginal tubercle on abdominal segment I 0.014-0.030. Width of the 
marginal tubercle on abdominal segment VII 0.014–0.028. Hind coxa dark. Hind trochanter 
dusky or dark. Siphunculi and cauda dark. Shape of siphunculi cylindrical and straight. Shape 
of cauda oblong, pointed and constricted in the middle. Cauda 6-13 setae. SIPH/CA 1.1-
2.4………………………....……………………………………………....……. A. asclepiadis 
-   Antennal segment III with 36-53 secondary sensoria. Pt/B 2.8-4.3. Length of longest seta on 
third segment antennal 0.01–0.03. Ultimate rostral segment 3–5 accesory setae. URS/HT2 1-
1.3. Width of the marginal tubercle on abdominal segment I 0.030–0.040. Width of the 
marginal tubercle on abdominal segment VII 0.030–0.050. Hind coxa and trochanter dark. 
Siphunculi and cauda dark. Shape of siphunculi cylindrical and straight. Shape of cauda 
parallel side and blunt. reticulation. Cauda 13–17 setae. SIPH/CA 1.9-2.3……...... A. decepta 
5.  Length of longest seta on third segment antennal 0.038–0.051. Secondary sensoria on 
antennal segment III (15-23), IV (1–10), V (0–1). Pt/B 2.6–3.3. URS/HT2 1.1-1.2. Width of 
marginal tubercle on abdominal segment I 0.023–0.031. Width of marginal tubercle on 
abdominal segment VII 0.029–0.036. Hind coxa dark. Hind trochanter dusky. Siphunculi and 
cauda dark. Shape of siphunculi cylindrical and straight. Shape of cauda slightly spoon-
shaped. Cauda 12-22 setae. SIPH/CA 1.1-1.5.….…………….…..………...… A. viburniphila 
-     Length of longest seta on third segment antennal less than 0.020…….…………...……...… 6 
6.  Length of longest seta on third segment antennal 0.010-0.019. Secondary sensoria on antennal 




tubercle on abdominal segment I 0.029–0.047. Width of marginal tubercle on adominal 
segment VII 0.027–0.040. Hind coxa and trochanter dark. Siphunculi and cauda dark. Shape 
of cauda tapering. Cauda 6–12 setae. SIPH/CA 1.4–1.8.……....…………...…… A. saniculae 
-   Length of longest seta on third segment antennal 0.007–0.012. Secondary sensoria on antennal 
segments III (30-49), IV (4-14), V (0-4). Pt/B 2.2-3. URS/HT2 0.9-1.1. Width of marginal 
tubercle on abdominal segment I 0.017–0.029. Width of marginal tubercle on abdominal 
segment VII 0.018–0.027. Hind coxa and trochanter dusky. Hind tibia dusky. Siphunculi and 
cauda dusky or dark. Shape of cauda slightly spoon-shaped. Cauda 9-12 setae. SIPH/CA 1.3-
1.5……………………………………………………………………...……………. A. thaspii 
7.  Secondary sensoria on antennal segment III ………………..……..…………………………..8 
-    Secondary sensoria on antennal segments III and IV, or III, IV and V……..……………..…. 9 
8.  Siphunculi cylindrical and straight. Antennal segment III with 8-18 secondary sensoria in a 
single row. Length of longest seta on segment antennal III 0.030-0.062. Pt/B 1.5-2.2. 
Ultimate rostral segment 2–3 accessory setae. URS/HT2 0.8–1.0. Width of marginal tubercle 
on abdominal segment I 0.023-0.047. Width of marginal tubercle on abdominal segment VII 
0.020 -0.042. Hind coxa dark. Hind trochanter dusky. Siphunculi and cauda dark or dusky. 
Cauda tapering with 8–11 setae. Pre-siphuncular sclerite absent. Tergite abdominal VIII 4-5 
setae. Subgenital plate 2–6 setae. SI/CA 1.3–1.6……………………….……… A. neogillettei 
-   Siphunculi cylindrical and curved outwards. Antennal segment III with 17-23 secondary 
sensoria mostly restricted to the internal margin. Length of longest seta on segment antennal 
III 0.038-0.051. Pt/B 2.0-2.5. Ultimate rostral segment 2–3 accessory setae. URS/HT2 0.8-
0.9. Width of marginal tubercle on abdominal segment I 0.018-0.035. Width of marginal 
tubercle on abdominal segment VII 0.021–0.034. Hind coxa dark. Hind trochanter dusky. 
Siphunculi and cauda dark or dusky. Cauda tapering with 6–11 setae. Pre-siphuncular sclerite 
present. Dorsal abdomen with small transversal sclerites on abdominal segments II, III, IV 
and V; and large transversal sclerites on VI, VII and VIII. Tergite abdominal VIII 4–9 setae. 
Subgenital plate 2–6 setae. SI/CA 1.4–1.7.………………………………...…..... A. salicariae 
9.  Pre-siphuncular sclerite present. Secondary sensoria on antennal segments III (5-12) and IV 
(0-3). Arrangement of secondary sensoria on III single row. Longest seta on third segment 
antennal 0.007–0.015. Pt/B 2.2-3.5. URS/HT2 0.7-1.0. Width of marginal tubercle on 




0.016–0.028. Hind coxa dark or dusky. Hind trochanter dusky or slightly dusky. Siphunculi 
dark. Shape of siphunculi cylindrical curved outwards. Cauda dusky. Cauda 6–9 setae. Shape 
of cauda parallel side and blunt. SIPH/CA 1-1.9. ………………...……………..A. cornifoliae 
-    Pre-siphuncular sclerite absent. Secondary sensoria on antennal segments III (7-15) and IV 
(1-5). Arrangement of secondary sensoria on III single row. Longest seta on third segment 
antennal 0.004–0.010. Pt/B 2.1-3.1. URS/HT2 0.7-0.9. Width of marginal tubercle on 
abdominal segment I 0.005–0.019. Width of marginal tubercle on abdominal segment VII 
0.009–0.022. Hind coxa dark or dusky. Hind trochanter dusky. Siphunculi dark. Shape of 
siphunculi cylindrical and straight. Cauda dusky. Cauda 4-9 setae. Shape of cauda tapering. 
SIPH/CA 0.9-1.5.………………….………………………………...………….. A. impatientis 
 
DISC USSI O N 
Both morphological and molecular analyses support the monophyly of the asclepiadis 
group. The majority of the species in this group share the following characters: subgenital plate 
divided on the anterior half, siphunculi is curved outwards and scattered secondary sensoria on 
antennal segments. 
With the exception of the European A. salicariae that uses Cornus as primary host and 
Epilobium spp. As secondary host plants all of the above species are considered native to North 
America.  Hottes and Frison (1931) thought that A. neogillettei and A. salicariae (Hottes & 
Frison 1931) may be synonymous species but detailed morphological assessment and molecular 
work show their distinctiveness (Stroyan 1984, Heie 1986, Blackman & Eastop 2006).  
A. asclepiadis Fitch 1851 is the senior synonymous of Aphis helianthi Monell in Riley & 
Monell 1879. It is interesting that the morphological assessment of the samples included in this 
study (Table 4.1) did not have any morphological character that statistically can be considered 
significant to discriminate samples of aphids that feed on Asclepias (putative A. asclepiadis) and 
Helianthus, Yucca, Apocynum, Callirhoe, Cirsium, Epilobium, Mirabilis, Pastinaca, Yucca and 
Cornus spp. (putative A. helianthi). Although I found some morphological differences in body 
size and color pattern across populations collected on different host plants in the West and 
Midwest of USA as well as some genetic divergences. These variations have been found of other 
highly polyphagous aphids such as A. gossypii (Margaritopoulus et al. 2006, Lagos 2007, Lagos 




al. 2005). Currently, A. asclepiadis and A. helianthi are considered valid species, but my results 
showed that they should be treated as a same species. The oldest name that applied in accordance 
with the rule of priority of the International Commission on Zoological Nomenclature is A. 
asclepiadis Fitch 1851. However, the high value of intra-specific sequence divergence (Table 
4.4) suggest that further studies need to be done to learn more about the genetic structure of the 
aphids included in the A. asclepiadis complex. It is possible that high gene flow is happening 
since many species share the same primary host plant to overwinter (Petit & Excoffier 2009). For 
example, cases of hybridization have been observed under laboratory conditions such as in A. 
fabae (Müller 1986) and under laboratory and field conditions between A. schneideri and A. 
grassulariae (Rakauskas 2003).  
In 1931, Hottes & Frison claimed that A. impatientis Thomas, 1878 is synonymous of A. 
cephalanthi Thomas, 1878, but Remaudiere & Remaudiere (1997) and Blackman and Eastop 
(2006) treat these species as different taxa. My phylogenetic analysis of COI sequences (Figures 
4.2) show that A. cephalanthi does not below to the monophyletic of the asclepiadis group. I 
compared the specimens collected on Cephalantus occidentalis by Hottes and Frison (1929) and 
all of them has a longer rostrum (0.12), longer seta on antennal segment III (0.013-0.018), longer 
width of marginal tubercle I on abdominal segment I (0.015-0.018), and longer siphunculi (0.18-
0.20) than A. impatientis. In addition, A. cephalanti has marginal tubercles on abdominal 
segments II, III and IV (Lagos 2007).  
I found that the morphs of alate or apterous males, the number of pseudosensoria on hind 
tibiae of apterous oviparae and shape of hind tibiae of oviparae (swollen or flat) are useful to 
differentiate A. asclepiadis, A. cornifoliae, A. impatientis, A. neogillettei, A. nigratibialis and A. 
salicariae. All of them use Cornus spp as primary host. In A. asclepiadis (=helianthi) the male is 
alate and the apterous ovipara have many sensoria on swollen hind tibiae (Palmer 1952); in A. 
cornifoliae the male is apterous and the apterous ovipara has slightly swollen hind tibiae with 
few scatter large flat pseudosensoria (Palmer 1952), in A. impatientis the male is alate and the 
apterous ovipara has flat hind tibiae and does not have pseudosensoria, in A. nigratibialis the 
apterous ovipara has swollen hind tibia with many pseudosensoria, in A. neogillettei the male is 
apterous and the apterous ovipara has swollen hind tibia with few pseudosensoria, and in A. 




200 pseudosensoria (Stroyan 1984, Heie 1986). Interestingly, the species that are heteroecious 
have alate males. 
In addition, some species in this group feed on plants of the family Apiaceae: A. decepta 
on Pastinaca sativa and Heracleum spp. and A. saniculae and A. thaspii on Zizia spp and other 
host plants (Blackman & Eastop 2006) and are monoecious holocyclic. Aphis impatientis feeds 
on Impatiens spp., an annual plant, and through morphological and molecular correlation I found 
that its primary host plant is Cornus spp. Therefore this species is heteroecious holocyclic. Aphis 
cornifoliae, A. neogillettei and A. nigratibialis are monoecious holocyclic species that live on 
Cornus spp.  
 
C O N C L USI O NS 
A. asclepiadis and A. helianthi have been identified exclusively by their host plant 
association. Molecular, morphological and biological work shows that these two species are 
synonymous. The monophyly of this group is supported by molecular, morphological traits and 
host plants association because most of the species in this group feed primarily on Cornus spp. 
Morphological characterization of sexual morphs are useful to differentiate species that feed on 


















F I G UR ES A ND T A B L ES 
 
 
Figure 1.1. UPGMA (Upweighted Pair Group of Method with Arithmetic Mean) of 41 
morphological characters of alate and apterous morphs of 72 taxa. 
asclepiadis group
gossypi i  group





Figure 1.2. Phylogenetic tree of analysis inferred from MrBayes of COI. Support values 
(Posterior probabilities/bootstraps) are below branches. Values under 0.7/70 are not presented. 
Species names are followed by the collection locality and number of haplotype. 
0.1
Uroleucon helianthicola IL (n=3)Hyadaphis tataricae IL (n=2)
A. i l l inoisensis IL (n=2)Toxoptera  citricida Madagascar ( n=3)A. caliginosa IL (n=2)
Iowana frisoni WI (n=3)A. (Zyxaphis) canae Canada ( n=2)A. verbasci France ( n=2)
A. maculatae MN (n=1) Rhopalosiphum maidis IL (n=3) A. forbesi KS (n=1)A. glycines IL (n=3) 
A. glycines IN (n=3)A. ulmariae France ( n=2)A. cist icola France ( n=3)A. ruborum Italy (n=3)
A. sedi IL1 (n=3)A. sedi WI (n=2)A. gossypii IL1 (n=2)A. gossypii LU (n=4)
A. gossypii AL (n=1)A. gossypii KS1 (n=3)A. sedi France ( n=2)
A. oest lundi IL (n=3)A. vit icis France ( n=1)A. nasturt i i IL (n=3)
A. urt icata IL (n=3)A. urt icata France ( n=2)
A. rubifolii IL (n=3)A. rubicola IL (n=1)
0.99/90
Aphis sp7 China (n=2)
A. spiraecola IL (n=2)A. spiraecola Italy (n=3)A. spiraecola  MO (n=2)
0.99/77
A. vernoniae IA2 (n=3)A. laciniariae IL (n=3)0.99/85 A. (Bursaphis) oenotherae WY (n=1)
A. (Bursaphis) oenotherae MT (n=1)A. (Bursaphis) oenotherae Japan ( n=3)
A. (Bursaphis) oenotherae CO (n=2)
A. (Bursaphis) varians Canada ( n=1)A.(Bursaphis) varians WY (n=1)0.99/100
A. coreopsidis IL (n=2)A. coreopsidis IN (n=2)
A. viburphila PA (n=2)
A. salicariae France ( n=3)A. neogillettei WY (n=2)
A. nigratibialis WY1 (n=2)
A. asclepiadis MI (n=1)A. asclepiadis IA1 (n=3)
A. asclepiadis WI1 (n=2)A. asclepiadis MN (n=2)
A. decepta IL1 (n=3)
A. saniculae IA1 (n=3)A. thaspii MN (n=4)
A. impatientis IN (n=2)
A. cornifoliae IA (n=1)
0.99/70
A. neri i IA (n=3)
A. neri i IL (n=3)A. pulchel la IA (n=3)A. craccivora China (n=3)
A. craccivora Madagascar ( n=2)A. brotericola France ( n=2)A. craccae France ( n=2)
A. vallei France ( n=1)A. rumicis China (n=2)
A. gali iscabri France ( n=2)A. caroliboerneri France ( n=2)A. fabae IL (n=1)
A. fabae IN (n=2)A. hederae France ( n=3)
A. hyperici MO (n=3)
A. mizzou MO (n=3)A. jacobaeae France ( n=2)
A. senecionis UT (n=2)A. lugentis France1 ( n=2)A. lugentis NC (n=1)
A. farinosa France ( n=1)A. farinosa MT (n=2)
A. farinosa CA (n=3)A. debilicornis IA (n=3)A. (Protaphis) middletonii UT1 (n=1)A. (Protaphis) middletonii UT2 (n=2)
A. (Protaphis) middletonii WY1 (n=1)A. (Protaphis) middletonii WY2 (n=2)A. echinaceae MN1 (n=3)
A. echinaceae MN2 (n=2)
0.98/95
A. cephalanthi MI (n=1) Protaphis terricola Kazakhstan ( n=3)Protaphis terricola France ( n=3)Protaphis sp. France ( n=3)
Xerobion caspicae Kazakhstan ( n=3)Xerobion cinae Kazakhstan ( n=3)A. sambuci France ( n=3)






















 Figure 1.3. Phylogenetic tree of analyses inferred from MrBayes of EF1-. Support values 
(Posterior probabilities/bootstraps) are below branches. Values under 0.7/70 are not presented. 




Hyadaphis tataricae  IL (n=1)Uroleucon helianthicola  IL (n=2)
A. (Zyxaphis) canae Canada ( n=2)
A. caliginosa IL (n=2)Iowana frisoni WI (n=3)
A. cott ieri AY219730
A. healyi  AY219731Toxoptera auranti i EU358940 
A. i l l inoisensis IL (n=3)
A. rumicis China (n=3)A. neospiraeae  EU358919
A. craccivora  China (n=2)
A. vallei  France ( n=1)
A. pulchel la IA (n=2)A. hyperici  MO (n=3)
A. mizzou MO (n=3)
A. newtoni EU358921A. fuki i EU358910
A. fabae IL (n=1)
A. fabae IN (n=2)A. hederae  France ( n=3)
A. spiraecola IL (n=1)
A. spiraecola  Italy (n=2)A. spiraecola MO (n=2)
A. kurosawai EU358918
Aphis sp7 China (n=2)
A. laciniariae IL (n=3)A. vernoniae  IA2 (n=3)
A. senecionis  UT (n=2)
A. lugentis France ( n=2)A. lugentis NC (n=1)
*4
A. rubifolii IL (n=2)
A. rubicola IL (n=1)A. hypericiphaga  EU358915
A. sumire EU358926 
A. argrimoniae GU205375 
A. oest lundii IL (n=2)A. gossypii IL2 (n=2)
A. gossypii LU (n=1)
A. egomae  EU358907 A. taraxacicola  EU358927 
A. clerodendri  EU358904 
A. sedi WI (n=2)
A. gossypii KS1 (n=4)
A. sedi France ( n=1)
A. sedi IL1 (n=2)A. sorguisorbicola EU358924
A. glycines  IL1 (n=2)
A. glycines  IN (n=2)
A. ichigicola EU358915A. ichigo EU358916 
A. nasturti i IL (n=3)
A. urt icata IL (n=3)A. (Bursaphis) varians WY (n=1)
A. (Bursaphis) oenotherae  Japan (n=1)
A. (Bursaphis) oenotherae  EU358922A. (Bursaphis) oenotherae  CO (n=2)
A. (Bursaphis) oenotherae  MT (n=1)
0.82/95
*3
A. horii EU358914 A. sambuci  France ( n=3)
A. sambuci  IL (n=1)
A. sambuci  MN (n=1)
1/100







Toxoptera citricida  Madagascar ( n=1)
Toxoptera citricida  AY219728Toxoptera citricida  EU358941 
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 Figure 1.4. Phylogenetic tree of analyses inferred from MrBayes of Buchnera 16S. Support 
values (Posterior probabilities/bootstraps) are below branches. Values under 0.7/70 are not 
presented. Species names are followed by the collection locality and number of haplotype. 
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 Figure 1.5. Phylogenetic tree of analyses inferred from MrBayes from concatenated data from 
COI, EF1- and morphological characters. The data was partitioned by gene and characters. 
Posterior probability values under 0.7 are not presented.  
0.1
Rhopalosiphum maidis IL (n=2)
Hyadaphis tataricae IL (n=1)
Uroleucon helianthicola IL (n=2)1.00
A. (Zyxaphis) canae Canada  (n=2)
A. caliginosa IL (n=2)
A. glycines IL1 (n=2)
A. glycines IN (n=2)
A. oestlundi IL (n=2)
A. gossypii IL1 (n=2)
A. gossypii LU (n=1)
A. gossypii KS1 (n=3)
A. sedi France ( n=1)
A. sedi IL1 (n=2)
A. sedi WI (n=2)
0.82
A. rubifolii IL (n=2)
A. rubicola IL (n=1)
A. nasturt i i IL (n=3)
A. urt icata IL (n=3)
0.72
A. spiraecola IL (n=1)
A. spiraecola Italy (n=1)
A. spiraecola MO (n=1)
A. vernoniae IA2 (n=2)
A. laciniariae IL (n=3)
A. craccivora China (n=2)
A. pulchel la IA (n=2)
A. hyperici MO (n=3)
A. mizzou MO1 (n=3)
A. rumicis China (n=2)
A. hederae France ( n=3)
A. fabae IL (n=1)
A. fabae IN (n=2)
0.91
A. senecionis UT (n=2)
A. lugentis France ( n=2)
A. lugentis NC (n=1)
A. i l l inoisensis IL (n=2)
A. (Bursaphis) varians WY (n=1)
A. (Bursaphis) oeanotherae Japan (n=1)
A. (Bursaphis) oenotherae CO (n=2)
A.(Bursaphis) oenotherae MT (n=1)
0.99
A. neri i IA (n=1)
A. neri i IL (n=3)
Iowana frisoni WI (n=3)
A. coreopsidis IL (n=2)
A. coreopsidis IN (n=1)
A. impatientis IN (n=1)
A. salicariae France ( n=1)
A. viburniphila PA (n=2)
A. neogillettei WY (n=1)
A. nigratibialis WY1 (n=2)
A. asclepiadis MI (n=1)
A. asclepiadis IA1 (n=3)
A. asclepiadis WI1 (n=2)
A. asclepiadis MN (n=1)
A. decepta IL1 (n=3)
A. saniculae IA1 (n=3)
A. thaspii MN (n=1)
0.95
Toxoptera  citricida Madagascar ( n=1)
A. farinosa CA (n=1)
0.76
A. sambuci France ( n=3)
A. sambuci IL (n=1)
A. sambuci MN (n=1)
0.88
A. debilicornis IA1 (n=4)
A. (Protaphis) middletonii UT2 (n=2)
A. (Protaphis) middletonii WY1 (n=1)
A. (Protaphis) middletonii WY2 (n=2)
A. echinaceae MN1 (n=1)
A. echinaceae MN2 (n=2)
Protaphis terricola Kazakhstan ( n=3) 






























Table 1.1. Collection information for specimens studied in this research. INHS voucher numbers 
are for slides made from the collection from which the sample specimen was taken. 
 
 
Species Host Date Location GPS Collector INHS 
vouchers 
Subgenus Aphis 
A. asclepiadis Asclepias 
 syriaca 







A. asclepiadis Apocynum 
sibiricum 
7/13/07 Boone Rail  
Road Prairie,  







A. asclepiadis Asclepias  
syriaca 








A. asclepiadis Asclepias  
syriaca 
8/19/10 Staffanson  
Prairie,  






A. asclepiadis Asclepias  
syriaca 
08/13/11 Sleeping Bear  





















A. caliginosa Cornus 
racemosa 











A. caroliboerneri  Bupleurum 
fruticosum 












A. cephalanthi Suction  
Trap 
06/26/09 Entomology  
Farm  
Michigan  





C. DiFonzo 512793 





















A. coreopsidis Eupatorium 
rugosum 











A. coreopsidis Eupatorium 
rugosum 









D. Lagos 510252 
 

















































A. debilicornis Helianthus 
grossese- 
rratus 
08/17/07 Boone Rail  
Road Prairie,  








A. decepta Heracleum 
maxima 













A. echinaceae Echinacea 
angustifolia 













Table 1.1 (cont.) 
 
A. echinaceae Echinacea 
angustifolia 










A. fabae Impatiens 
capensis 









T. Heidel 510306 
 
A. fabae Rumex 
crispus 
07/01/08 18821 Depot 



























A. farinosa Salix sp 08/16/10 Bluewater  
Springs 
Fishing  






A. forbesi F ragaria  
spp. 





















A. glycines F rangula  
alnus 
10/16/06 Springfield  
Fen Nature  
Preserve, La  






A. glycines Rhamnus 
cathartica 
















Table 1.1 (cont.) 
 
A. glycines Rhamnus 
cathartica 








A. glycines Glycine  
max 
07/30/09 South Dakota  











A. gossypii Cucurbita 
pepo 
10/18/07 3 mi. E Cisna 
Park, Iroquois 







A. gossypii Rhamnus 
cathartica 
















J. Davis 510331  
A. gossypii Glycine  
max 





G. Hartman 510473 
A. gossypii Cucumis 
sativus 
10/06/09 Idea Garden, 
Champaign 





D. Lagos 511689 
A. hederae Hedera  
helix 
 











A. hyperici Hypericum 
frondosum 

































T. Heidel 510409- 
510415 
 
A. impatientis Impatiens  
spp. 











Table 1.1 (cont.) 
 
A. jacobaeae Senecio  
spp 
















Lake Forest,  
































A. lugentis Packera 
plattensis 
05/20/02 Buck Creek 
Serpentine  
Barren,  








A. maculatae Suction  
Trap 








J. Fisher 512794 
A. mizzou  Hypericum 
kalmianum 







B. Puttler 511098- 
511101 






Lake Forest,  




D. Lagos 510361 
 




 Ohio  
41.16N, 
-81.59W 






Table 1.1 (cont.) 
A. nasturtii Rhamnus 
cathartica 










A. nasturtii Rhamnus 
cathartica 









A. neogillettei Cornus  
spp. 








A. neogillettei Cornus spp. 10/03/11 Zion beach,  






A. nerii Calystegia 
spp. 





D. Lagos 237854- 
237892 
A. nerii Asclepias 
incarnata 
08/20/07 Boone Rail  
Road Prairie, 
Boone Co.,  
Iowa 













A. oestlundi Oenothera 
biennis 







D. Lagos 510369- 
510370 
A. oestlundi Oenothera 
biennis 










A. pulchella Euphorbia 
corollata 









A. pulchella Euphorbia 
corollata 











Lake Forest,  




D. Lagos 510540 
A. rubifolii Rubus spp. 07/31/08 18821 Depot  












Table 1.1 (cont.) 
 
Sicily-Italy 14.99E 511630 





































A. sambuci Rumex  
crispus 
05/21/06 18821 Depot 
Rd, De Witt 



















A. saniculae Zizia  
aurea 
05/09/07 A.C. & Lela 
Morris  
Prairie,  








A. saniculae Zizia 
aurea 
05/30/07 Stargrass  
Prairie,  





















A. sedi Hylotele- 
phium 
telephium 







D. Lagos 510337- 
510339 
 
A. sedi Hylotele- 
phium 
telephium 
08/02/09 2123 Peach  
St, 
Champaign 
Co., Illinois  
40.09N, 
-88.26W 
D. Lagos 510340, 
510341 

















Table 1.1 (cont.) 
 
A. sedi Hylotele- 
phium 
telephium 
08/06/10 Ashley  
National  
Forest,  




D. Lagos 511198- 
511201 
A. senecionis Packera  
spp. 












A. spiraecola Spiraea 
spp. 






D. Lagos 510384, 
510385 
A. spiraecola Spiraea  
spp. 







B. Puttler 510386 
 
A. spiraecola Viburnum  
tinus 













































A. urticata Urtica  
dioica 
06/19/08 18821 Depot  




D. Voegtlin 510389- 
510402 
















A. varians Epilobium  
spp 














A. varians Epilobioum 
angusti- 
folium 






















A. vernoniae Vernonia 
fasciculata 
06/27/07 Boone Rail  
Road Prairie, 







A. vernoniae Vernonia 
fasciculata 







B. Puttler 510403- 
510404 
A. viburniphila Viburnum  
spp. 













































D. Lagos 511261- 
511301 
Aphis sp3 Monarda 
fistulosa 













Table 1.1 (cont.) 










D.  Lagos 511243-
511259 
Aphis sp7 Artemisia  
spp. 
07/17/09 Jingpo Lake, 









A. oenotherae Oenothera 
biennis 
 Utsunomiya  










A. oenotherae Oenothera 
biennis 






D. Lagos 511446- 
511450 







A. oenotherae Oenothera 
biennis 









Subgenus Protaphis  

























A. middletonii Tanacetum 
vulgare 





D. Lagos 512849 





D. Lagos 512876 

















Table 1.1 (cont.) 
 






J. Dreagni 510405 
 
Subgenus Zyxaphis 
A. canae Artemisia  
cana 
07/09/09 Dorothy  
(Hwy 848  


















Lake Forest,  










Iowana frisoni Silphium 
laciniatum 





















































































































































Table 1.2. Diagnostic morphological characters of Pseudoprotaphis, Protaphis, and Xerobion for 
three main characters are shown in the top row. Character values for the four species in the 
middletonii complex are shown in the columns under the genus or subgenus that they overlap. 
Morphological characters are: Pt/B ratio of the length of processus terminalis to the length of 
base of the last antennal segment, SIPH/ CA ratio of the length of siphunculus to the length of 
cauda and the number of setae on the cauda. 

































debilicornis 1.1-1.6  
 0.5-0.8  12-18 12-18 
A. 
echinaceae 1.4-2.0  


























Table 1.3. Pairwise interspecific distances (%) of species morphological closely related to 
middletonii group for cytochrome oxydase I (COI) and elongation factor1- (EF1-) calculated 
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Figure 2.2. UPGMA (Upweighted Pair Group of Method with Arithmetic Mean) of 41 







 Figure 2.3. Phylogenetic tree of analysis inferred from MrBayes of COI. Support values 
(Posterior Probabilities/Bootstraps) are below branches. Values under 0.7/70 are not presented. 
Species names are followed by collection locality and number of haplotype. 
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 Figure 2.4. Phylogenetic tree of analysis inferred from MrBayes of EF1-. Support values 
(Posterior Probabilities/Bootstraps) are below branches. Values under 0.7/70 are not presented. 
Species names are followed by collection locality, number of haplotype and genus host plant. 
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 Figure 2.5. Phylogenetic tree of analysis inferred from MrBayes from concatenated data of COI, 
EF1- and morphological characters. The data was partitioned by gene and characters. Support 
values (Posterior probabilities) under 0.7/70 are not presented. Species names are followed by 
collection locality and number of haplotype. 
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A. monardae IL2 (n=3)
A. monardae IL3 (n=1)
A. monardae MN (n=1)
1.00
A. elena IL1 (n=1)





A. rubifolii IL (n=2)
A. rubicola IL (n=1)1.00
A. urt icata IL (n=3)
A. nasturt i i OH2 (n=3)
A. nasturt i i IL (n=3)
A. nasturt i i MN1 (n=3)1.00
1.00
1.00
A. i l l inoisensis IL (n=2)
A. rumicis China (n=2)
A. fabae IL (n=2) 
A. fabae IN (n=2)
A. hederae France ( n=3)1.00
1.00
A. spiraecola MO (n=2)
A spiraecola IL (n=1)
A. spiraecola Italy (n=2)
1.00
0.97
A. vernoniae IA2 (n=3)
A. laciniariae IL1 (n=3)1.00
0.8
0.8
A. oenotherae Japan ( n=1)
A. oenotherae CO (n=1)1.00
0.80
0.71
A. neri i IA1 (n=2)
A. neri i IL (n=3)1.00
0.99
1.00
A. coreopsidis IL (n=2)































Figure 2.6. Phylogenetic tree of analysis inferred from MrBayes of sodium channel para-type. 
Support values (Posterior Probabilities/Bootstraps) are below branches. Species names are 




A. oestlundi IL (n=1)
A. syriaca WI (n=1)
A. sedi IL2 (n=1)
A. lythrum IL (n=2)
A. gossypii AF447574 
A. gossypii IL3 (n=1)
A. gossypii Spain (n=1)
1.00/92
1.00/97
A. monardae IL1 (n=1)
A. monardae IL2  (n=2)
















Figure 2.8. Antennal segments II and III of A. gossypii (A) and A. monardae (B). The distance 
from the base of third antennal segment to the first secondary sensoria (DBIII) is shorter in A. 
gossypii than in A. monardae. 
 
Figure 2.9. ANOVA analysis of ratio of distance from the base of antennal segment III to the 





Figure 2.10. ANOVA analysis of ratio of length of processus terminalis (PT) to the base of last 




Figure 2.11. ANOVA analysis of ratio of length of siphunculi (SIPH) to the length of cauda (CA) 








Figure 2.12. Holotype of Aphis elena (specimen 511,252). (A) body, (B) ultimate rostral 
segment, (C) antennal segments: III-IV, (D) marginal tubercle on abdominal segment I and hind 
coxa, (E) setae on abdominal tergite VIII, (F) setae on sub-genital plate, (G) siphunculus and 













Figure 2.13. Alate vivipara of Aphis elena. (A) body, (B) ultimate rostral segment, (C) antennal 
segments: I-IV, (D) siphunculus and marginal tubercle on abdominal segment VII, (E) fore wing, 
(F) marginal tubercle on abdominal segment I and hind coxa, (G) setae on sub-genital plate, (H) 













Figure 2.14. Holotype of Aphis lythrum (specimen 511,268). (A) body, (B) antennal segments: I-
VI, (C) hind tibia and tarsi, (D) ultimate rostral segment, (E) marginal tubercle on abdominal 
segment I and hind coxa, (F) cauda, (G) siphunculus and marginal tubercle on abdominal 













Figure 2.15. Alate vivipara of Aphis lythrum. (A) body, (B) antennae, (C) antennal segments: I-
IV, (D) ultimate rostral segment, (E) marginal tubercle on abdominal segment I and hind coxa, 
(F) siphunculus and marginal tubercle on abdominal segment VII, (G) cauda, (H) setae on sub-













Figure 2.16. Holotype of Aphis syriaca (specimen 511,362). (A) body, (B) antennae: II-VI, (C) 
antennal segments: II-IV, (D) ultimate rostral segment, (E) marginal tubercle on abdominal 
segment I and hind coxa, (F) cauda, (G) siphunculus, (H) setae on sub-genital plate, (I) marginal 













Figure 2.17. Alate vivipara of Aphis syriaca. (A) body, (B) antennae, (C) antennal segments: II-
III, (D) ultimate rostral segment, (E) cauda, (F) siphunculus and marginal tubercle on abdominal 
segment VII, (G) setae on sub-genital plate, (H) setae on abdominal tergite VIII, (I) marginal 
















Table 2.1. Collection information for all specimens used in this study arranged alphabetically. 
INHS voucher numbers for slides made from the collection from which the specimen was taken. 
 
Species Host Date Location GPS Collector INHS 
vouchers 
Subgenus Aphis 
A. asclepiadis Asclepias 
 syriaca 







A. coreopsidis Eupatorium 
rugosum 











A. coreopsidis Eupatorium 
rugosum 








D. Lagos 510252 
 
A. decepta Heracleum 
maxima 












A. decepta Pastinaca 
sativa 
























D. Voegtlin 511363 
 















A. fabae Impatiens 
capensis 








T. Heidel 510306 
 
A. fabae Rumex crispus 07/01/08 18821 Depot 









Table 2.1 (cont.) 
 
A. forbesi F ragaria  
spp. 











A. glycines F rangula  
alnus 
10/16/06 Springfield  
Fen Nature  
Preserve, La  






A. glycines Rhamnus 
cathartica 










B. Potter 512837 
A. glycines Rhamnus 
cathartica 
10/23/07 Black Hawk 
Park, Rock 





A. glycines Glycine  
max 
07/30/09 South Dakota  
Res. Farm,  
Aurora,  
Brookings Co., 




























D. Voegtlin 512619 
A. gossypii Cucurbita pepo 10/18/07 3 mi. E Cisna 
Park, Iroquois 







A. gossypii Rhamnus 
cathartica 



















D. Lagos 510336 
 














A. gossypii Glycine  
max 





G. Hartman 510473 
A. 
 gossypii 







A. gossypii Cucumis sativus 10/06/09 Idea Garden, 
Champaign 



































06/11/09 Univ. of  
Catania, St  
























































Co., Illinois  
40.09N, 
-88.23W 
D. Lagos 512366- 
512388 
A. hederae Hedera  
helix 
 




























D. Voegtlin 510489 






Lake Forest,  












Lake Forest,  




D. Lagos 511261- 
511301 
A. monardae Monarda 
fistulosa 
05/14/07 Sheeder State 
Preserve,  








A. monardae Monarda 
fistulosa 
07/10/07 Engeldinger 
Marsh, Polk  







A. monardae Monarda 
fistulosa 
05/05/07 A.C. & Lela 
Morris Prairie, 







A. monardae Monarda 
fistulosa 

















Co., Illinois  
40.09N, 
-88.24W 
D. Lagos 510359, 
510360 
 








Lake Forest,  




D. Lagos 511236- 
511242 
A. monardae Monarda 
fistulosa 











Table 2.1 (cont.) 
 




Lake Forest,  




D. Lagos 510361 
 




 Ohio  
41.16N, 
-81.59W 
A. Michel 512640- 
512641 
A. nasturtii Rhamnus 
cathartica 
05/29/08 Silver Creek-




A. Michel 512838 
A. nasturtii Rhamnus 
cathartica 









A. nasturtii Rhamnus 
cathartica 













D. Lagos 237854- 
237892 
A. nerii Asclepias 
incarnata 
08/20/07 Boone Rail  
Road Prairie, 
Boone Co.,  
Iowa 






A. oestlundi Oenothera 
biennis 







D. Lagos 510369- 
510370 
A. oestlundi Oenothera 
biennis 










A. oenotherae Oenothera 
biennis 
 Utsunomiya  






D. Voegtlin 510416- 
510418 
A. oenotherae Oenothera 
biennis 






D. Lagos 511446- 
511450 




Lake Forest,  








Table 2.1 (cont.) 
 
 
A. rubifolii Rubus spp. 07/31/08 18821 Depot  




D. Voegtlin 238111- 
238139 







A. sedi Hylotele- 
phium 
telephium 







D. Lagos 510337- 
510339 
 
A. sedi Hylotele- 
phium 
telephium 
08/02/09 2123 Peach  
St, Champaign 





A. sedi Hylotele- 
phium 
telephium 
05/12/09 18821 Depot  
Rd, De Witt  
Co, Illinois  
40.26N, 
-88.79W 
D. Lagos 510342- 
510343 











D. Lagos 510344- 
510346 
 
A. sedi Hylotele- 
phium 
telephium 
08/06/10 Ashley  
National  
Forest,  




D. Lagos 511198- 
511201 
A. sedi Hylotele- 
phium 
telephium 









B. Puttler 512620- 
512623 
A. spiraecola Spiraea 
spp. 







A. spiraecola Spiraea 
spp. 







B. Puttler 510386 
 
A. spiraecola Viburnum  
tinus 








A. syriaca  Asclepias 
syriaca 























A. urticata Urtica  
dioica 
06/19/08 18821 Depot  




D. Voegtlin 510389- 
510402 








A. vernoniae Vernonia 
fasciculata 
06/27/07 Boone Rail  
Road Prairie, 







A. vernoniae Vernonia 
fasciculata 


















Lake Forest,  












































Figure 3.1. UPGMA (Upweighted Pair Group of Method with Arithmetic Mea) of 41 
morphological characters of alate and apterous morphs of 43 taxa. 
Midwest





 Figure 3.2. Phylogenetic tree of analysis inferred from MrBayes of COI. Support values 
(Posterior Probabilities/Bootstraps) are below branches. Values under 0.7/70 are not presented. 
Species names are followed by collection locality and number of haplotype. 
0.1
Rhopalosiphum maidis IL (n=3)
A. illinoisensis IL (n=2)
A. pulchella IA (n=3)
A. caliginosa IL (n=2)
A. frisoni WI (n=3)
A. (Zyxaphis) canae Canada ( n=2)
A. (Xerobion ) debilicornis IA1 (n=3)
A. (Xerobion ) maidiradicis WI1 (n=1)
A. (Xerobion ) maidiradicis WI2 (n=1)
A. (Xerobion ) maidiradicis WI3 (n=1)
A. (Xerobion ) maidiradicis IA (n=1)
A. (Xerobion ) maidiradicis  MN (n=1)
A. (Xerobion ) maidiradicis IN (n=1)
A. (Xerobion ) jonathina MN-A (n=1)
A. (Xerobion ) jonathina MN-B (n=1)
A. (Xerobion ) jonathina MN-C (n=1)
A. (Xerobion ) mediaty MI-A (n=2)
A. (Xerobion ) mediaty MI-B (n=1)
A. (Xerobion ) mediaty MI-C (n=2)
A. (Xerobion ) mediaty WI1-A (n=1)
A. (Xerobion ) mediaty WI1-B (n=1)
A. (Xerobion ) mediaty WI2 (n=1)
A. (Xerobion ) mediaty IA (n=1)
A. (xerobion ) mediaty WI3 (n=1)
A. (Xerobion ) mediaty IN (n=1)
A. (Xerobion ) middletonii IA (n=1)
0.87
A. (Xerobion ) middletonii UT1 (n=1)
A. (Xerobion ) middletonii UT2 (n=2)
A. (Xerobion ) middletonii WY1 (n=1)




A. (Xerobion ) echinaceae MN1 (n=3)
A. (Xerobion ) echinaceae MN2 (n=2)1/100
1.00/99
A. farinosa CA (n=3)
A. farinosa France (n=1)1.00
A. (Toxoptera) citricida Madagascar ( n=3)
A. cephalanthi MI (n=1)
A. (Xerobion ) terricola Kazakshtan (n=3)
A. (Xerobion ) terricola France (n=3)
A. (Xerobion ) sp France ( n=3)1/100
A. (Xerobion ) caspicae Kazakshtan (n=3)
A. (Xerobion ) cinae Kazakshtan (n=3)1.00/99
1.00/96
0.79
A. sambuci France ( n=3)
A. sambuci IL (n=1)
A. sambuci MN (n=1)1/100
A. senecionis UT (n=2)
A. lugentis France ( n=2)
A. lugentis NC (n=1)1/100
A. decepta IL1 (n=3)
A. salicariae France ( n=3)
A. nigratibialis WY1 (n=2)
A. asclepiadis IA1 (n=3)1/99
0.74
1/100
A. nasturtii MN1 (n=3)
A. glycines IN (n=3)
A. gossypii LU (n=4)
A. gossypii IL2 (n=2)1.001.00
1.00
A. hyperici MO (n=3)
A. fabae IL (n=1)
A. fabae IN (n=3)
A. hederae France ( n=3)1.00
0.77
A. oenotherae Japan (n=3)
A. oenotherae CO (n=2)1.00
0.77
A. spiraecola Italy (n=3)
A. spiraecola MO (n=2)1.00
0.94
Hyadaphis tataricae IL (n=2)




A . middletoni i
complex
  A  
  B  




 Figure 3.3. Phylogenetic tree of analysis inferred from MrBayes of EF1-. Support values 
(Posterior Probabilities/Bootstraps) are below branches. Values under 0.7/70 are not presented. 
Species names are followed by collection locality and number of haplotype. 
0.1
Rhopalosiphum maidis IL (n=2)
Hyadaphis tataricae IL (n=1)
Uroleucon helianthicola IL (n=2)1.00/100
A. (Zyxaphis) canae Canada ( n=2)
A. frisoni WI (n=2)
A. (Toxoptera) citricida Madagascar ( n=1)
A. farinosa CA (n=1)
A. caliginosa IL  (n=2)
A. salicariae France ( n=1)
A. nigratibialis  WY1 (n=2)
A. decepta IL1 (n=3)
A. asclepiadis IA1 (n=3)0.99/88
1.00/99
A. oenotherae Japan (n=1)
A. oenotherae CO (n=2)0.72/77
A. illinoisensis IL (n=3)
A. hyperici MO (n=3)
A. pulchella IA (n=2)
A. fabae IL (n=1)
A. fabae IN (n=2)
A. hederae France ( n=3)
1/99
A. spiraecola Italy  (n=1)
A. spiraecola MO (n=1)1/100
0.9
A. senecionis UT (n=2)
A. lugentis France ( n=2)




A. nasturtii MN1 (n=3)
A. glycines IN1 (n=2)
A. gossypii LU (n=1)




A. sambuci France  ( n=3)
A.sambuci IL (n=1)
A sambuci MN (n=1)0.89
1/100
1.00
A. (Xerobion ) debilicornis IA1 (n=4)
A. Xerobion ) debilicornis IA2 (n=1)1/95
A. (Xerobion ) middetonii UT2 (n=1)
A. (Xerobion ) middletonii WY1 (n=1)
A. (Xerobion ) middletonii WY2-A (n=1)
A. (Xerobion ) jonathina MN (n=1)
A. (Xerobion ) middletonii IA (n=1)
A. (Xerobion ) middletonii WY2-B (n=1)
 *   :1/87
**  :0.83
***:0.92/84
A. (Xerobion ) mediaty MI-C (n=1)
A.  (Xerobion ) mediaty MI-A (n=1)
A. (Xerobion ) mediaty MI-B (n=1)0.97
1/83
***
A. (Xerobion ) echinaceae MN1 (n=1)
A. (Xerobion ) echinaceae MN2 (n=2)1/95
1.00
A. (Xerobion ) terricola Kazakshtan (n=3)













 Figure 3.4. Phylogenetic tree of analysis inferred from MrBayes from concatenated data of COI, 
EF1- and morphological characters. The data was partitioned by gene and characters. Support 
values (Posterior probabilities) under 0.7/70 are not presented. Species names are followed by 
collection locality and number of haplotype. 
0.1
Rhopalosiphum maidis IL (n=2)
Hyadaphis tataricae IL (n=1)
Uroleucon helianthicola IL (n=2)1.00
A. illinoisensis IL (n=2)
A. caliginosa IL (n=2)
A. frisoni WI (n=3)
A. (Zyxaphis) canae Canada ( n=2)
A. (Xerobion ) debilicornis IA1 (n=3)
A. (Xerobion ) mediaty MI (n=3)
A. (Xerobion) jonathina MN (n=1)
A. (Xerobion ) middletonii IA (n=1)
A. (Xerobion ) middletonii UT2 (n=2)
A. (Xerobion ) middletonii WY1 (n=1)





A. (Xerobion ) echinaceae MN1 (n=1)
A. (Xerobion ) echinaceae MN2 (n=2)1.00
1.00
A. (Xerobion ) terricola Kazakshtan (n=3)
A. (Xerobion ) cinae Kazakshtan (n=1)1.00
1.00
A. (Toxoptera) citricida Madagascar ( n=1)
A farinosa CA (n=1)0.81
A. salicariae France ( n=1)
A. decepta IL1 (n=3)
A. nigratibialis WY1 (n=2)
A. asclepiadis IA1 (n=3)0.96
1.00
A. sambuci France ( n=3)
A. sambuci IL (n=1)
A. sambuci MN (n=1)1.00
1.00
A. senecionis UT (n=2)
A. lugentis France ( n=2)
A. lugentis NC (n=1)0.98
1.00
A. hederae France ( n=3)
A. fabae IL (n=1)
A. fabae IN (n=2)0.99
1.00
A. hyperici MO (n=3)
A. pulchella IA (n=2)0.98
0.8
0.8
A. nasturtii MN1 (n=3)
A. glycines IN (n=2)
A. gossypii LU (n=1)
A. gossypii IL2 (n=2)1.00
1.00
1.00
A. spiraecola Italy (n=2)
A. spiraecola MO (n=1)1.00
A. oenotherae Japan (n=1)










Figure 3.5. Antennal flagellum of alate viviparae. (A) A. jonathina, (B) A. knowltoni, (C) A. 





















Figure 3.6. Color pattern on hind tibiae of alate viviparae. (A) A. jonathina, (B) A. knowltoni, (C) 


















Figure 3.7. Antennal segments III and IV of apterous viviparae. (A) A. jonathina, (B) A. 

















Figure 3.8. Pattern of sclerites on dorsum abdomen of apterous viviparae. (A) A. jonathina, (B-

















Figure 3.9. Siphunculi, cauda and marginal tubercle on abdominal segment VII of alate 








































Figure 3.11. Apterous viviparae. (A) A. jonathina on roots of Plantago sp, and (B) A. mediaty on 























Figure 3.12. ANOVA analyses of means of secondaria sensoria on antennal segment III of alata 





















Figure 3.13. ANOVA analyses of means of longest seta on antennal segment III of aptera 




















Figure 3.14. ANOVA analyses of means of the length of antennal segment III of aptera viviparae 



















Table 3.1. Collection information for specimens studied in this research. INHS voucher numbers 
are for slides made from the collection from which the sample specimen was taken. 
 
Species Host Date Location GPS Collector INHS 
vouchers 
Subgenus Aphis 
A. asclepiadis Asclepias 
 syriaca 








A. caliginosa Cornus 
racemosa 











A. cephalanthi Suction  
Trap 
06/26/09 Entomology  
Farm  
Michigan  





C. DiFonzo 512793 
A. decepta Heracleum 
maxima 












A. fabae Impatiens 
capensis 








T. Heidel 510306 
 
A. fabae Rumex 
crispus 
07/01/08 18821 Depot 



























A. frisoni Silphium 
laciniatum 


















A. glycines F rangula  
alnus 
10/16/06 Springfield  
Fen Nature  
Preserve, La  






A. gossypii Cucurbita 
pepo 















J. Davis 510331  
A. hederae Hedera  
helix 
 











A. hyperici Hypericum 
frondosum 





















D. Voegtlin 510489 














A. lugentis Packera 
plattensis 
05/20/02 Buck Creek 
Serpentine  
Barren,  








A. nasturtii Rhamnus 
cathartica 










A. nasturtii Rhamnus 
cathartica 

























A. oenotherae Oenothera 
biennis 












A. oenotherae Oenothera 
biennis 






D. Lagos 511446- 
511450 
A. pulchella Euphorbia 
corollata 





































A. sambuci Rumex  
crispus 
05/21/06 18821 Depot 
Rd, De Witt 



















A. senecionis Packera  
spp. 












A. spiraecola Spiraea  
spp. 







B. Puttler 510386 
 
A. spiraecola Viburnum  
tinus 











Table 3.1 (cont.) 
Subgenus Toxoptera 
A. citricida Citrus  
spp. 


































A. debilicornis Helianthus 
grossese-
rratus 
08/17/07 Boone Rail  
Road Prairie,  





















A. echinaceae Echinacea 
angustifolia 










A. echinaceae Echinacea 
angustifolia 
















J. Dreagni 510405 
 














J. Dreagni 512873 







 H. Ross sl. 99036 







 Frison & 
Ross 
sl. 9902 


























G. Nelson  
A. maidiradicis Suction  
Trap 








D. Biehle  



































































A. mediaty Suction  
Trap 















Table 3.1 (cont.) 
 












A. mediaty Suction  
Trap 


































A. middletonii Suction 
Trap 
05/17/10 Central Iowa 
Research & 
Demonstratio





















A. middletonii Tanacetum 
vulgare 





D. Lagos 512849 





D. Lagos 512876 
A. terricola Centaurea 
aspera 





















































A. canae Artemisia  
cana 
07/09/09 Dorothy  
(Hwy 848  


















Lake Forest,  












































Table 3.3. Comparison of means of secondary sensoria on antennal segment III for all species 
using Tukey-Kramer HSD. 
 
Species Mean 
A. knowltoni 22.4 a 
A. middletonii 13.2 b 
A. mediaty 11.8 b 
A. maidiradicis 7.0 c 
 
 
Table 3.4. Comparison of means of the longest seta on antennal segment III of aptera viviparae 
for all species using Tukey-Kramer HSD. 
 
Species Mean 
A. knowltoni 0.029 a 
A. mediaty n.sp. 0.013 b 
A. middletonii 0.012 b c 
A. jonathina n. sp. 0.010 c 













Table 3.5. Comparison of means of the length of antennal segment III of aptera viviparae for all 
species using Tukey-Kramer HSD. 
 
Species Mean 
A. knowltoni 0.28 a 
A. middletonii 0.25 a 
A. mediaty n.sp. 0.18 b 
A. maidiradicis 0.18 b 























Table 3.6. Pairwise interspecific distances (%) for cytochrome oxydase I (COI) and elongation 



























debilicornis 0.00 0.00 
        
































































































Figure 4.1. UPGMA (Upweighted Pair Group of Method with Arithmetic Mean) of 41 






 Figure 4.2. Phylogenetic tree of analysis inferred from MrBayes of COI. Support values 
(Posterior Probability/Bootstrap Maximum Parsimony) are below branches. Species names are 
followed by the State abbreviations, number of haplotypes and host plant information. 
0.1
Uroleucon helianthicola IL (n=3)
Hyadaphis tataricae IL (n=2)
Rhopalosiphum maidis IL (n=3)
A. (Toxoptera) citricida Madagascar ( n=3) 
A. cephalanthi MI (n=1)
A. asclepiadis MI (n=1) Asclepias
A. asclepiadis Canada ( n=2) Cornus
A. asclepiadis WI4 (n=2) Apocynum
A. asclepiadis CO5 (n=2) Past inaca
A. asclepiadis MT2 (n=2) Asclepias 
A. asclepiadis NE (n=2) Yucca
A. asclepiadis MT3 (n=3) Yucca
A. asclepiadis CO3 (n=2) Mirabil is
A. asclepiadis CO4 (n=2) Call irhoe
A. aclepiadis MT4 (n=2) Hel ianthus
A. asclepiadis IA1 (n=3) Asclepias
A. asclepiadis WI1 (n=2) Asclepias
A. asclepiadis WI2 (n=3) Asclepias
A. asclepiadis CO1 (n=2) Asclepias
A. asclepiadis WI3 (n=1) Asclepias
A. asclepiadis IA2 (n=1) Apocynum
A. asclepiadis MN (n=2) Asclepias
A. asclepiadis IL1 (n=4) Hel ianthus
A. asclepiadis MT1 (n=2) Hel ianthus
A. asclepiadis CO2 (n=1) Hel ianthus
A. asclepiadis SD (n=2) Hel ianthus
A. nigratibialis WY1 (n=2) Cornus







A. viburniphila PA (n=2) Viburnum
A. salicariae France ( n=3) Epilobium
A. neogillettei IL (n=1) Cornus
A. neogillettei WY (n=2) Cornus1.00/99
A . saniculae I A1 (n=3) Zizia
A . saniculae I A2 (n=3) Zizia
A . saniculae I L  (n=3) Zizia
A . thaspii MN (n=4) Zizia
A . thaspii I L  (n=2) Zizia
A. decepta IL1 (n=3) Heracleum
A. decepta IL2 (n=3) Past inaca
0.99/92
A. cornifoliae IA1 (n=1) Cornus
A. impatientis WI (n=3) Cornus
A. impatientis IL (n=3) Cornus
A. impatientis IN (n=2) Impat iens
A. impatientis PA (n=1) Impat iens





A. neri i IA (n=2) Apocynum
A. neri i IL (n=3) Calystegia1.00
A. nasturt i i MN (n=3)
A. glycines IN (n=3)
A. syriaca WI (n=3) Asclepias  
A. gossypii LU (n=4)
A. gossypii IL2 (n=2)1.00
1/96
1.00
A. rumicis China (n=2)
A. fabae IL (n=1) 
A. fabae IN (n=2)
A. hederae France ( n=3)1/100
1/97
0.77
A. i l l inoisensis IL (n=2)
A. varians Canada ( n=1)Epilobium
A. varians WY (n=1) Epilobium 1/100
A. oenotherae WY (n=1)
A. oenotherae MT (n=2)
A. oenotherae Japan ( n=3)


































Figure 4.3. Phylogenetic tree of analysis inferred from MrBayes of EF1- from specimens in 
Table 4.1. Support values (Posterior Probability/Bootstrap Maximum Parsimony) are below 





Uroleucon helianthicola IL (n=2)
Hyadaphis tataricae IL (N=1)
Rhopalosiphum maidis IL (n=2)
A. (Toxoptera) citricida Madagascar  ( n=1)
A. viburniphila PA (n=2) Viburnum
A. salicariae France ( n=1) Epilobium
A. neogillettei WY (n=2) Cornus
A. nigratibialis WY1 (n=2) Cornus
A. nigratibialis WY2 (n=1) Cornus
A. asclepiadis IA1 (n=3) Asclepias
A. asclepiadis WI1 (n=2) Asclepias
A. asclepiadis WI2 (n=2) Asclepias
A. asclepiadis CO1 (n=2) Asclepias
A. asclepiadis MT2 (n=2) Asclepias
A. asclepiadis IL1 (n=3) Hel ianthus
A. asclepiadis WI3 (n=2) Apocynum
A. asclepiadis NE (n=1) Yucca
A. asclepiadis MT3 (n=2) Yucca
A. thaspii MN (n=1) Z izia
A. asclepiadis IA2 (n=1) Apocynum 
A. asclepiadis MI (n=1) Asclepias
A. asclepiadis CO5 (n=1) Past inaca
A. asclepaidis CO3 (n=1) Mirabil is
A. asclepiadis CO4 (n=1) Call irhoe
A. asclepiadis MN (n=1) Asclepias
A. asclepiadis MT1 (n=1) Hel ianthus
A. asclepiadis CO2 (n=1) Hel ianthus 1
A. saniculae IA1 (n=3) Z izia
A. saniculae IA2 (n=3) Z izia1/98
A. decepta IL1 (n=3) Heracleum
A. decepta IL2 (n=3) Past inaca1/83
 1
A. impatientis WI (n=3) Cornus
A. impatientis IL (n=2)  Cornus
A. impatientis IN (n=1) Impatiens
A. impatientis PA (n=2) Impat iens0.99
1/98
1/95
A. neri i IA (n=2) Apocynum
A. neri i IL (n=3) Calystegia1/100
A. i l l inoisensis IL (n=3)
A. nasturt i i MN (n=3)
A. glycines IN (n=2)
A. gossypii LU (n=1)
A. gossypii IL2 (n=2)
A. syriaca WI (n=2) Asclepias0.76/71
0.77
0.99
A. rumicis China (n=3)
A. fabae IL (n=1)
A. fabae IN (n=2)
A. hederae France ( n=3)1/99
A. varians WY (n=1) Epilobium
A. oenotherae Japan ( n=1)
A. oenotherae MT (n=1)






















Figure 4.4. Phylogenetic tree of analysis inferred from MrBayes of Buchnera 16S from 
specimens in Table 4.1. Support values (Posterior Probability/Bootstrap Maximum Parsimony) 
are below branches. Species names are followed by the State abbreviations and number of 
haplotypes. 
0.1
Rhopalosiphum maidis IL (n=3)
Hyadaphis tataricae IL (n=2)
Uroleucon helianthicola IL (n=2)1.00/71
A. glycines IN (n=3)
A. monardae IA1 (n=2)
A. nasturtii MN1 (n=3)
A. syriaca WI (n=3)
A. spiraecola MO (n=2)
A. vernoniae IA1 (n=2)
A. oenotherae Japan (n=1)
A. illinoisensis IL (n=2)
A. (Toxoptera) citricida Madagascar ( n=1)
A. cornifoliae IA (n=1)
A. viburniphila PA (n=2)
A. asclepiadis IA1 (n=3)
A. asclepiadis IA2 (n=2)
A. asclepiadis IL1 (n=3)
A. asclepiadis WI1 (n=2)
A. asclepiadis IL2 (n=3)
A. asclepiadis SD (n=2)
A. asclepiadis Canada ( n=2)
A. asclepiadis NE (n=3)
A. saniculae IA1 (n=3)
A. saniculae IA2 (n=3)
A. saniculae IL (n=4)
A. saniculae MN (n=1)
A. thaspii MN (n=4)
A. decepta IL1 (n=3)
A. nerii IA (n=1)
A. nerii IL (n=2)
A. salicariae France ( n=1)
1.00
0.68
A. impatientis IN (n=1)
A. impatientis PA (n=2)
A. impatientis IL (n=2)
A. impatientis WI (n=2)
81
1.00/85
A. gossypii LU (n=3)
A. gossypii IL2 (n=2)0.81
A. fabae IL (n=1)













 Figure 4.5. Phylogenetic tree of analysis inferred from MrBayes from concatenated base-pairs 
from COI, EF1- and morphological characters, the data was partitioned by gene and characters. 
Node support for each clade is given as posterior probability values. 
 
0.1
Rhopalosiphum maidis IL (n=2)
Hyadaphis tataricae IL (n=1)
Uroleucon helianthicola IL (n=2)1.00
A. (Toxoptera) citricida Madagascar ( n=1)
A. asclepiadis MI (n=1) Asclepias
A. asclepiadis WI3 (n=2) Apocynum
A. asclepiadis CO5 (n=1) Past inaca
A. asclepiadis MT2 (n=2) Asclepias
A. asclepiadis NE (n=2) Yucca
A. asclepiadis MT3 (n=3) Yucca
A. asclepiadis CO3 (n=1) Mirabil is
A. asclepiadis CO4 (n=1) Call irhoe
A. asclepiadis MT4 (n=1) Hel ianthus
A. asclepiadis WI2 (n=2) Asclepias
A. asclepiadis IA1 (n=3) Asclepias
A. asclepiadis WI1 (n=2) Asclepias
A. asclepias CO1 (n=2) Asclepias
A. asclepiadis IA2 (n=1) Apocynum
A. asclepiadis MN (n=1) Asclepias
A. asclepiadis  IL1 (n=2) Hel ianthus
A. asclepiadis MT1 (n=2) Hel ianthus









A. nigratibialis WY1 (n=2) Cornus
A. nigratibialis WY2 (n=1) Cornus1
1
A. neogillettei WY (n=2) Cornus
A. viburniphila PA (n=2) Viburnum
A. salicariae France ( n=1) Epilobium
A. thaspii MN (n=1) Z izia
A. saniculae IA1 (n=3) Z izia
A. saniculae IA2 (n=3) Z izia
A. decepta IL1 (n=3) Heracleum
A. decepta IL2 (n=3) Past inaca1.00
1.00
A. impatientis WI (n=3) Cornus
A. impatientis IL (n=2) Cornus
A. impatientis IN (n=1) Impat iens
A. impatientis PA (n=2) Impat iens1
1.00
1.00
A. neri i IA (n=1) Apocynum
A. neri i IL (n=3)  Calystegia1.00
A. rumicis China (n=2)
A. fabae IL (n=1) 
A. fabae IN (n=2)
A. hederae France ( n=3)
1.00
0.96
A. i l l inoisensis IL (n=2)
A. varians WY (n=1) Epilobium
A. oenotherae Japan ( n=1)
A. oenotherae MT (n=1)
A. oenotherae CO (n=2)0.97
1.00
1.00
A. nasturt i i MN1 (n=3)
A. glycines IN (n=2)
A. syriaca WI (n=2) Asclepias
A. gossypii LU (n=1)


















































Figure 4.7. Antennal segments II, III and IV of apterous viviparae included in the  asclepiadis 
group. (A) A. asclepiadis, (B) A. cornifoliae, (C) A. decepta, (D) A. impatientis, (E) A. 






Figure 4.8. Antennal segments II, III and IV of alate viviparae included in the  asclepiadis group. 
(A) A. asclepiadis, (B) A. cornifoliae, (C) A. decepta, (D) A. impatientis, (E) A. neogillettei, (F) 





Figure 4.9. Siphunculi and cauda of apterous viviparae of most of species included in the 
asclepiadis group. (A) A. neogillettei, (B) A. salicariae, (C) A. viburniphila, (D) A. asclepiadis, 








Figure 4.10. Abdomens of alate viviparae  of most of species included in the asclepiadis group. 
(A) A. neogillettei, (B) A. salicariae, (C) A. viburniphila, (D) A. asclepiadis, (E) A. nigratibialis, 
(F) A. thaspii, (G) A. cornifoliae, (H) A. impatientis, (I) A. saniculae. 













































Figure 4.14. ANOVA Analyses of pseudosensoria on hind tibiae of apterous oviparae of A. 





















Table 4.1 Collection information for specimens studied in this research. INHS voucher numbers 
are for slides made from the collection from which the sample specimen was taken. 
 


















7/13/07 Boone Rail  
Road Prairie,  











8/20/07 Boone Rail  
Road Prairie,  















































8/17/10 State Hwy 47, 











8/19/10 Staffanson  
Prairie,  










08/13/11 Sleeping Bear  











07/25/06 South Dakota  










Yucca spp. 07/12/08 Scottbluff  
National  
Monument,  




















08/02/07 18821 Depot 






















08/08/09 T40N R19E  











08/08/09 T37N R15E  
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06/26/09 Entomology  
Farm  
Michigan  










07/05/07 Prairie Flower 
Campground 
(Saylorville  







A. decepta Heracleum 
maxima 












A. decepta Pastinaca 
sativa 












A. fabae Impatiens 
capensis 








T. Heidel 510306 
 
A. fabae Rumex 
crispus 
07/01/08 18821 Depot 






A. glycines F rangula  
alnus 
10/16/06 Springfield  
Fen Nature  
Preserve, La  























A. hederae Hedera  
helix 
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D. Voegtlin 512262- 
512268 

















Table 4.1 (cont.) 
 


















05/20/02 Buck Creek 
Serpentine  
Barren,  





































10/03/11 Zion beach,  






A. nerii Calystegia 
spp. 





D. Lagos 237854- 
237892 
A. nerii Asclepias 
incarnata 
08/20/07 Boone Rail  
Road Prairie, 
Boone Co.,  
Iowa 

































07/15/05 Utsunomiya  











































8/16/10 Bluewater  
Springs Fishing 








































05/09/07 A.C. & Lela 
Morris  
Prairie,  












05/09/07 Stargrass  
Prairie,  















Lee Co.,  
Illinois 


























































A. thaspii Zizia  
aurea 











A. varians Epilobium  
spp. 








A. varians Epilobioum 
angusti- 
folium 










































































































































Table 4.5. Comparison using Tukey-Kramer HSD of mean of pseudosensoria on hind tibiae of 
oviparae of A. impatientis, A. neogillettei and A. nigratibialis. 
Species Mean 
A. impatientis 0.0 c 
A. neogillettei 6.6 b 
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APPE NDI X A : M O RPH O L O G I C A L C H A R A C T E RS A ND C H A R A C T E R ST A T ES F O R 
73 T A X A 
#NEXUS 










FORMAT DATATYPE = STANDARD GAP = - MISSING = ? SYMBOLS = " 0 1 2 3"; 
CHARSTATELABELS 
1 Antennal_segments / V VI, 
2 'Pt/B' / less_or_equal_than_1.5 '1.6-2.5' greater_than_2.6, 
3 Secondary_Sensoria / only_on_III III_and_IV 'III, IV and V', 
4 Arrangement_of_secondary_sensoria / row scattered, 
5 Type_of_sensoria / not_tuberculate tuberculate, 
6 Distance_from_base_to_first_sensoria / less_than_or_equal_to_0.07_mm 
longer_than_0.07_mm, 
7 Longest_Hair_on_ant_III / Less_than_or_equal_to_0.020_mm longer_than_0.020, 
8 Accesory_setae_on_URS / none pair three_or_more, 
9 Lenght_of_URS / equal_or_shorter_than_0.10_mm longer_than_0.10_mm, 
10 Dorsal_marking_on_abdomen_ / absent absent_or_present present, 
11 Color_of_hind_coxae / lighter_than_base_of_siphunculi pale_as_base_of_siphunculi 
dark_as_base_of_siphunculi darker_than_base_of_siphunculi, 
12 Color_of_hind_tibiae.2 / dark dark_base_pale_mid_area_and_dark_distally pale_but_ 
darkening_near_distal_tip half_distal_dark pale_on_basal_half_and_dark_on_distal_half, 




14 Position_of_marginal_tubercle_on_I / absent _ upper_between_spiracles_I_and_II, 
15 Subgenital_plate / complete divided_on_anterior_half, 
16 Hairs_on_cauda / two_per_side more_than_two_per_side, 
17 Color_of_cauda/ paler_than_siphunculi dark_as_siphunculi pale_as_siphunculi 
darker_than_siphunculi, 
18 'SIPH/CAUDA' / less_than_or_equal_than_1.5 greater_than_1.5_and_less_than_2.5 
greater_than_2.5, 
19 Shape_of_siphunculi / cylindrical_straight cylindrical_curved_outwards 
cylindrical_swollen, 
20 Siphunculi / without_reticulation with_reticulation, 
21 Tip_of_siphunculi / without_flange reduced_flange with_flange, 
22 'Pre-siphuncular sclerite' / absent present, 
23 'Post-siphuncular sclerite' / absent present, 
24 Secondary_Sensoria.2 / absent only_on_III III_and_IV 'III, IV and V', 
25 Arrangement_of_sensoria.2 / absent row scattered, 
26 Type_of_sensoria.2 / absent no_tuberculated tuberculated, 
27 Longest_Hair_on_ant_III.2 / equal_or_shorter_than_0.02_mm longer_than_0.020_mm, 
28 Lenght_of_URS.2 / equal_or_shorter_than_0.10_mm longer_than_0.10_mm, 
29 Dorsal_marking_on_abdomen.2 / absent absent_or_present present, 
30 Color_of_hind_coxae.2 / paler_than_siphunculi pale_as_siphunculi dark_as_siphunculi 
darker_than_siphunculi, 
31 Color_of_hind_tibiae.2 / dark dark_base_pale_mid_area_and_dark_distally pale_but_ 
darkening_near_distal_tip 
half_distal_dark pale_on_basal_half_and_dark_on_distal_half, 
32 Subgenital_plate.2 / complete divided_on_anterior_half, 
33 Color_of_cauda.2 / paler_than_siphunculi dark_as_siphunculi pale_as_siphunculi 
darker_than_siphunculi, 
34 Shape_of_siphunculi.2 / cylindrical_straight cylindrical_curved_outwards 
cylindrical_swollen, 
35 'Pre-siphuncular sclerite.2' / absent present, 




37 Body_Size / longer_than_2.5 shorter_than_2.5, 
38 'Body/Antenna' / shorter_than_1 longer_than_1, 
39 'Pt/B' / less_than_or_equal_to_1.5 between_1.5_and_2.5 greater_than_2.5, 
40 'SIP/CA' / less_than_or_equal_to_1.5 between_1.5_and_2.5 greater_than_2.5, 
41 Marginal_tubercles_besides_on_I_and_VII / absent present absent_or_present;] 
#NEXUS 
[MacClade 3.04 registered to Hugh M. Robertson, U of Illinois Urbana-Champaign] 
BEGIN DATA; 
DIMENSIONS NTAX=73 NCHAR=41; 
FORMAT MISSING=? GAP=- SYMBOLS ="0 1 2 3 4 5 6 7 8 9" DATATYPE=standard; 
MATRIX 
[ 1.......10........20........30........40.] 
A. asclepiadis    11010001102211111110201000010021010011110 
A. brotericola    ????????????110???002??000011220100011100 
A. caliginosa    11000101102211011200101000010221100011101 
A. caroliboerneri   ????????????110???00???000001220100111100 
A. cephalanthi   11100001102211011100211000110020100111111 
A. cisticicola    11000101102211010000201000010220100011100 
A. coreopsidis   11100001000211010100201000010020000011120 
A. cornifoliae    11100001002211111110201000000221110111110 
A. craccae    11000101112211011000111000111200100111100 
A. craccivora    11000101112211010100201000011220100111110 
A. decepta    11011012102211111110201000110021010111220 
A. elena    11100101102211010100201000010020000011100 
A. fabae    11010011110211011100211000111020101111111 
A. farinosa    12000101102211011100201000010120200011120 
A. forbesi    12000101102211011100101000010220100011110 
A.  frisoni    01000101100211011100000111010020100011011 
A. galiiscabri    11200001002211011000201000000200100011100 
A. glycines    11000101100211010100201000010020000011120 




A. hederae    12210111112211011100211321110220100111111 
A. hyperici    11200001002211011000000000000220100011100 
A. illinoisensis   11000101102111011110201000010001110111120 
A. impatientis    11200001002211111010101000000221110111110 
A. jacobaeae    11210011102011011100201321110200100111111 
A. laciniariae    10000101001211012000100000000120300011100 
A. lugentis    11211001102211011000201321110200100111110 
A. lythrum    11000101000211010100201000010020100011100 
A. maculatae    12001111102211011100201111110221100111121 
A. monardae    11100101002211010100201000100120200011100 
A. mizzou    00100000002211011000001000001220100011100 
A. nasturtii    11200001002211011100201000010020000011101 
A. neogillettei    11010111002211111110101000100021110011100 
A. nerii    11000101100211011100201000110010100011120 
A. nigratibialis   11110011102011111110201000110201110111110 
A. oenotherae    11210012102211011100201000110120300011100 
A. oestlundi    11000101002211010100201000010020100011110 
A. pulchella    11000101002211111000101000010220100011100 
A. rubicola    11000101102211011100201000010120200011100 
A. rubifolii    01000101001211011100201000000120200011100 
A. ruborum    1100010110?211?1?100201000010120200011110 
A. rumicis    11000111112211011100201000111221100011100 
A. salicariae    11001111102211111110201000100021110111100 
A. sambuci on Rumex  12210011102011111200201000110201100011121 
A. sambuci on Sambucus  11010011112011111100200000110201100011121 
A. saniculae    11211011102211111110101322010021110011110 
A. sedi    10100001112211010100201000010020000011100 
A. senecionis    10211011102211011000201321110200100111110 
A. spiraecola    11200001000211011100201000110020100011101 
A. syriaca    11000101102211010100201000010020100011110 




A. ulmariae    11100101102211011100201000000120200011111 
A. urticata    11100101000211011100201000010220100011101 
A. varians    11210012102211011000201001110120300011110 
A. verbasci    11110001102211011100201000010020100011110 
A. vernoniae    11100101101211012100101000010120200011110 
A. viburniphila   12210011102211111010201111110021110011000 
A. vallei    11000112122211011000100000112220100011100 
A. viticis    12000001002211010100201000000120200011100 
A. (Toxoptera) citricida  12000111102211011100201000110220100111120 
A. (Xerobion) caspicae  10211001112011011000101000010220100011000 
A. (Xerobion) cinae   10211001112011011000101000010220100011000 
A. (Xerobion) debilicornis  10211001102211011000001312010220100011000 
A. (Xerobion) echinaceae 11211001102211011000001312012220100111100 
A. (Xerobion) jonathina  11000001102011011000101312010220100011100 
A. (Xerobion) maidiradicis 11200001102211011000100211010220100011100 
A. (Xerobion) mediaty  11200001102311011000101311011220100011100 
A. (Xerobion) middletonii  11200001102011011000101312011220100011100 
A. (Xerobion) knowltoni  11201011122311011000101312112220100011100 
A. (Xerobion) terricola  10201001112011011000101000011220100011000 
A. (Zyxaphis) canae   1100011110?211010100101000111220100111000 
Hyadaphis tataricae   11211001012200003000211000000320320011100 
Rhopalosiphum maidis  11210001002012001000211000100200100011101 











APPE NDI X B: PH Y L O G E N E T I C T R E E O F A N A L YSIS IN F E RR E D F R O M 






APPE NDI X C : PH Y L O G E N E T I C T R E E O F A N A L YSIS IN F E RR E D F R O M 





APPE NDI X D: PH Y L O G E N E T I C T R E E O F A N A L YSIS IN F E RR E D F R O M 






APPE NDI X E : PH Y L O G E N E T I C T R E E O F A N A L YSIS IN F E RR E D F R O M 
B O O TST R AP M A X I M U M PA RSI M O N Y O F C O I F O R PH Y L O G E N Y O F APH IS 





APPE NDI X F : PH Y L O G E N E T I C T R E E O F A N A L YSIS IN F E RR E D F R O M 
B O O TST R AP M A X I M U M PA RSI M O N Y O F E F1- F O R PH Y L O G E N Y O F APH IS 





APPE NDI X G : PH Y L O G E N E T I C T R E E O F A N A L YSIS IN F E RR E D F R O M 
B O O TST R AP M A X I M U M PA RSI M O N Y O F SO DIU M C H A NN E L PA R A-T YPE F O R 





APPE NDI X H : PH Y L O G E N E T I C T R E E O F A N A L YSIS IN F E RR E D F R O M 
B O O TST R AP M A X I M U M PA RSI M O N Y O F C O I F O R PH Y L O G E N Y O F APH IS 





APPE NDI X I : PH Y L O G E N E T I C T R E E O F A N A L YSIS IN F E RR E D F R O M 
B O O TST R AP M A X I M U M PA RSI M O N Y O F E F1- F O R PH Y L O G E N Y O F APH IS 





APPE NDI X J: PH Y L O G E N E T I C T R E E O F A N A L YSIS IN F E RR E D F R O M 
B O O TST R AP M A X I M U M PA RSI M O N Y O F C O I F O R PH Y L O G E N Y O F APH IS 





APPE NDI X K : PH Y L O G E N E T I C T R E E O F A N A L YSIS IN F E RR E D F R O M 
B O O TST R AP M A X I M U M PA RSI M O N Y O F E F1- F O R PH Y L O G E N Y O F APH IS 





APPE NDI X L : PH Y L O G E N E T I C T R E E O F A N A L YSIS IN F E RR E D F R O M 
B O O TST R AP M A X I M U M PA RSI M O N Y O F BUC H N ERA 16S F O R PH Y L O G E N Y O F 







APPE NDI X M: BUC H N ERA 16S SE Q U E N C ES USE D IN T H IS ST UD Y 
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APPE NDI X P: SO DIU M C H A NN E L PA R A-T YPE SE Q U E N C ES USE D IN T H IS ST UD Y  























































































>seq11 A. syriaca WI-A     
tcttcttggctactgttgtcatcggtaaccttgtggtatgtataagtactgacaatgcataaatgtgtattacttagggaaacatatttaataagatg
caaacggcgaggtggatgacaattttttagggttttaaatgtggcataatattactctcttgaatttacaaccatcatccattatcattcggcaatg
aagtttatgtctcttacataaacatttttatcacatttaaaagccaaaataatttttaatacatatacaaatttaataaattgtatttgtaagataatctat
ggaatattcataatttaatttttgttattgtgccaaataaattattataatattgatgttatatttatatataactagtataaataactatagttacaatttag
tgatactatacatgtattatatgtatagaaaatctttaatgtagttaactttaacgtttaaaaaacaaatcaatataactatttaatataatactaattat
cgcttagttattttaaatttcaatcatacactttattaatatagccatttatttttatattcgttatttttattacttttttacttgattttgataattttctgaaaa
cattagcatattacaatgactagtaaaataaaaataaaaactatgtggcgcagattctaaaaatttagccataaaacaaattgaattattcac 
 
 
 
